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MEMORANDUM 


To  Members  and  Ex-Offlcio  Members  of  the  Senate  Committee  on  In- 
terior and  Insular  Affairs  National  Fuels  and  Energy  Policy 
Study,  Pursuant  to  Senate  Resolution  £5  {92d  Congress)  : 
On  August  11, 1975, 1  asked  the  General  Accounting  Office  to  review 
the  status  of  the  coal  conversion  program  of  the  Energy  Research 
and  Development  Administration.  The  GAO  was  requested  to  evaluate 
the  economic  and  other  constraints  to  the  development  and  commer- 
cialization of  coal  gasification  and  liquefaction.  The  GAO  determined 
that — 

It  appears  highly  unlikely  that  any  commercial-size  coal 
liquefaction  plant  will  be  operating  in  the  United  States  by 
1985. 

In  addition  the  GAO  found  the  June  1975  estimates  in  ERDA's 
National  Plan  for  Energy  Research,  Development  and  Demonstra- 
tion for  the — 

*  *  *  energy  contributions  from  coal  liquefaction  and  gas- 
ification (in  1985)  have  been  dramatically  reduced  during 
the  past  year. 

More  importantly  the  GAO  believes  that — 

*  *  *  even  the  revised  gasification  estimate  (by  ERDA) 
could  be  difficult  to  achieve. 

The  June  1975  ERDA  plan  had  projected  a  contribution  of  2.5  mil- 
lion barrels  of  oil  per  day  by  1985  from  first  generation  coal  liquefac- 
tion processes.  However,  the  GAO  indicated  that  ERDA's  revised  esti- 
mate "no  longer  projects  a  production  goal  from  liquefaction 
processes  by  1985."  Instead  the  GAO  found  that  "there  does  not  appear 
to  be  any  serious  consideration  being  given  (by  ERDA)  to  building 
a  commercial  scale  coal  liquefaction  plant  in  the  United  States  using 
an  existing  (first  generation)  coal  conversion  process." 

Similarly,  while  the  June  1975  ERDA  plan  projected  the  equivalent 
of  0.5  to  1.5  million  barrels  per  day  of  oil  from  first  generation  gasifi- 
cation processes  by  1985  the  GAO  found  that  ERDA's  revised  esti- 
mates "project  the  equivalent  of  250,000  to  500,000  barrels  of  oil  a 
day  from  coal  gasification  processes."  As  aforementioned,  the  "GAO 
believes  that  even  the  revised  gasification  estimate  could  be  difficult 
to  achieve." 

Noting  that  the  Sunfuels  Interagency  Task  Force  recommended 
that  the  Federal  Government  provide  loan  guarantees  for  initial  coal 
gasification  projects,  in  the  GAO's  opinion — 

*  *  *  the  views  expressed  by  regulatory  agencies  indicate 
that  regulatory  changes  or  Federal  subsidies  might  be  needed 
in  addition  to  loan  guarantees. 
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IV 

While  16  coal  gasification  projects  have  been  announced,  only  three 
have  progressed  to  the  point  of  applying  for  the  required  Federal 
Power  Commission  approval.  The  primary  obstacle  to  operating  coal 
gasification  and  liquefaction  plants  commercially  in  the  United  States 
has  been  the  availability  of  less  expensive  natural  gas  and  oil.  Other 
economic  constraints  include  the  large  capital  requirements,  the  ques- 
tionable ability  to  obtain  private  sector  financing  and  cost  escalation. 
Other  considerations  embrace  environmental  uncertainties  and  the 
necessity  for  large  amounts  of  water. 

This  investigation  substantiates  the  failure  of  the  Energy  Research 
and  Development  Administration  to  address  the  energy  crisis  which 
this  Nation  faces  now  and  in  the  immediate  future,  by  commercial- 
izing known  coal  gasification  and  liquefaction  processes  in  the  United 
States. 

I  commend  this  report  as  a  well-reasoned  review  of  the  deficiencies 
in  Federal  leadership  and  programs  on  the  coal  research,  develop- 
ment and  commercial  demonstration  technologies  necessary  for  the 
promotion  of  greater  energy  independence. 

Jennings  Randolph, 
Chairman,  Committee  on  Public  Works. 
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COMPTROLLER  GENERAL  OF  THE  UNITED  STATES 
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The  Honorable  Jennings  Randolph 
Chairman,  Committee  on  Public  Works 
United  States  Senate 

Dear  Mr.  Chairman: 

On  August  11,  1975,  you  requested  that  we  review  certain 
aspects  of  coal  liquefaction  and  gasification  technology. 

Responding  to  your  request,  this  report  discusses 

— the  Energy  Research  and  Development  Administration's 
program  for  developing  new  coal  conversion  processes; 

— the  status  of  major  Energy  Research  and  Development 
Administration-sponsored  research  efforts  in  coal 
liquefaction  and  gasification; 

— the  status  of  existing  coal  liquefaction  and  gasifi- 
cation technology;  and 


— the  economic  and  other  constraints  to  developing  and 
commercializing  coal  liquefaction  and  gasification 
processes . 

The  matters  presented  were  discussed  with  Energy  Re- 
search and  Development  Administration  officials  and  their 
comments  were  considered  during  report  preparation. 

We  will  be  in  touch  with  your  office  in  the  near  future 
to  arrange  for  release  of  the  report  so  that  copies  can  be 
provided  to  other  congressional  committees  and  interested 
Members  of  Congress. 


Srwcer^efi^ 


y  you 


■#/£» 


Comptroller  General 
of  the  United  States 
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REPORT  TO  THE  SENATE  COMMITTEE 
ON  PUBLIC  WORKS 

BY  THE  COMPTROLLER  GENERAL 
OF  THE  UNITED  STATES 


Status  And  Obstacles  To 
Commercialization  Of  Coal 
Liquefaction  And  Gasification 

Energy  Research  and  Development  Administration 


Processes  which  produce  synthetic  oil  and  gas 
from  coal  are  commercially  available  but  are 
not  competitive  with  conventional  oil  and  gas. 
Apparently  no  serious  consideration  is  being 
given  to  building  a  commercial  coal  liquefac- 
tion plant  in  the  United  States. 

A  number  of  companies  have  announced  proj- 
ects to  build  high  British  thermal  unit  gasifi- 
cation plants.  The  most  advanced  of  these 
projects  have  encountered  problems  which 
have  precluded  the  scheduled  advancement  of 
the  projects. 

The  Energy  Research  and  Development 
Administration  is  researching  coal  liquefac- 
tion and  gasification  processes,  which  propo- 
nents hope  will  reduce  the  cost  of  synthetic 
oil  and  gas.  These  processes  require  consider- 
able time  before  they  can  produce  synthetic 
fuels  on  a  commercial  scale. 
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Energy  Research  and 
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DIGEST 


Domestic  supplies  of  gas  and  oil  have  not  kept  pace 
with  increasing  demand.   Natural  gas  production  has 
been  declining  and  this  decline  is  likely  to  con- 
tinue.  Domestic  oil  production  peaked  before  1970 
and  has  been  declining  ever  since. 

Coal  constitutes  about  85  percent  of  our  Nation's 
proven  fossil  fuel  reserves  but  supplies  less  than 
20  percent  of.  our  energy  needs.   Processes  now  exist 
and  are  being  developed  that  can  convert  coal  into 
synthetic  oil  (liquefaction)  and  into  synthetic  gas 
(gasification).   Processes  which  were  or  are  now  in 
commercial  use  are  referred  to  as  first  generation; 
processes  which  are  being  developed  and  have  not  yet 
been  used  commercially  are  referred  to  as  second 
generation.   (See  pp.  9,  13,  and  39.) 


The  Energy  Research  and  Developme 
is  funding  development  work  on  a 
second-generation  liquefaction  an 
cesses.  When  developed  successfu 
Research  and  Development  Administ 
processes  would  reduce  the  cost  o 
gas  by  15  percent  or  more.  The  E 
Development  Administration  spent 
in  fiscal  year  1975  on  this  devel 
authorized  to  spend  about  $250  mi 
1976  and  the  3-month  transitional 


nt  Administration 
number  of  new  or 
d  gasification  pro- 
lly,  the  Energy 
ration  expects  these 
f  synthetic  oil  and 
nergy  Research  and 
about  $205  million 
opment  work  and  is 
llion  in  fiscal  year 
quarter .  (See  p.  7 . ) 


A  commercial  liquefaction  or  gasification  plant  may 
process  about  25,000  tons  of  coal  a  day.   The  Energy 
Research  and  Development  Administration's  efforts  on 
coal  liquefaction  and  gasification  have  not  yet  pro- 
gressed to  the  point  where  a  plant  has  been  built  that 
can  process  more  than  100  tons  of  coal  a  day.   Con- 
struction of  a  2,600-ton-a-day  liquefaction  demon- 
stration plant,  funded  by  the  Energy  Research  and 
Development  Administration  and  private  industry,  is 
expected  to  begin  in  1977,  and  the  3-1/2  year  operation 
of  the  plant  is  expected  to  begin  about  1979. 


xi 


RED-76-81 


Although  categorized  as  a  liquefaction  demonstration , 
this  plant  is  expected  to  produce  3,900  barrels  a 
day  of  liquid  product,  and  the  equivalent  of  3,900 
barrels  of  oil  a  day  of  pipeline  quality  gas.   Once 
successful  demonstration-scale  operation  is  achieved, 
the  Energy  Research  and  Development  Administration 
expects  little  technical  risk  in  scaling-up  to  com- 
mercial size.   (See  pp.  12  and  13.) 

These  second-generation  processes  still  require  con- 
siderable development  and  time  before  they  will  be 
available  for  commercial  use.   In  fact,  the  Energy 
Research  and  Development  Administration's  production 
goal  for  second-generation  coal  liquefaction  processes 
by  1985  has  already  slipped  considerably  from  its  July 
1975  projection.   Assuming  the  current  pace  of  devel- 
opment continues,  the  revised  goals  would  be  difficult 
to  achieve.   In  fact,  it  appears  highly  unlikely  that 
any  commercial-sized  coal  liquefaction  plant  will  be 
operating  in  the  United  States  by  1985.   (See  pp.  20 
and  21.  ) 

Some  coal  liquefaction  and  gasification  plants  have 
been  operating  commercially  for  years  but  primarily 
in  foreign  countries.  A  principal  obstacle  to  oper- 
ating such  plants  commercially  in  the  United  States 
has  been  the  availability  of  less  expensive  natural 
oil  and  gas.   (See  p.  39.) 

There  does  not  appear  to  be  any  serious  consideration 
being  given  to  building  a  commercial-scale  coal  liq- 
uefaction plant  in  the  United  States  using  an  exist- 
ing (first-generation)  coal  conversion  process.   In 
the  gasification  area,  at  least  16  projects  have  been 
announced  but  only  3  have  progressed  to  the  point  of 
applying  for  the  required  Federal  Power  Commission 
approval.   (See  p.  22.) 

Commission  decisions  have  established  precedents  that 
couljd  play  a  major  role  for  the  future  of  a  synthetic 
gas  industry.   Also,  State  public  utility  commissions 
might  not  allow  the  high  cost  of  synthetic  gas  to  be 
passed  on  to  customers  in  their  States  unless  the  Fed- 
eral Government  guarantees  that  the  price  will  not 
exceed  a  specified  level.   The  Synfuels  Interagency 
Task  Force  recommended  that  the  Government  provide 
loan  guarantees  for  initial  high-British  thermal  unit 
coal  gasification  projects.   In  our  opinion,  the 
views  expressed  by  regulatory  agencies  indicate  that 
regulatory  changes  or  Federal  subsidies  might  be 
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needed  in  addition  to  loan  guarantees.   (See  pp. 
25,  30,  and  3  7.  ) 

Economic  constraints  to  building  commercial  coal 
gasification  and  liquefaction  plants  include  such 
things  as  large  capital  requirements,  the  question- 
able ability  to  obtain  private  sector  financing, 
cost  escalation,  and  price  competition  from  other 
fuel  sources.   These  have  presented  serious  problems 
to  presently  planned  projects  and  will  probably  be 
equally  serious  for  future  projects.   Other  consid- 
erations, such  as  environmental  uncertainties  and 
the  necessity  for  large  amounts  of  water  to  process 
the  coal,  must  receive  further  study.   The  Energy 
Research  and  Development  Administration  and  other 
Federal  agencies  plan  to  assess  these  factors  during 
the  first  phase  of  the  proposed  synthetic  fuels 
commercialization  program.   (See  pp.  2,  26,  and  32.) 

Estimates  for  energy  contributions  from  coal  lique- 
faction and  gasification  have  been  dramatically  re- 
duced during  the  past  year. 

In  June  1975,  the  Energy  Research  and  Development 
Administration's  "National  Plan  for  Energy  Research, 
Development,  and  Demonstration"  projected  a  contri- 
bution of  2-1/2  million  barrels  of  oil  a  day  by  1985 
from  first-generation  coal  liquefaction  processes 
and  the  equivalent  of  1/2  to  1-1/2  million  barrels  a 
day  from  first-generation  gasification  processes. 

These  estimates  are  being  revised  and  a  draft  docu- 
ment no  longer  projects  a  production  goal  from  liq- 
uefaction processes  by  1985  and  projects  the  equiva- 
lent of  250,000  to  500,000  barrels  of  oil  a  day  from 
coal  gasification  processes.  GAO  believes  that  even 
the  revised  gasification  estimate  could  be  difficult 
to  achieve.   (See  p.  36.) 
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CHAPTER  1 . 

INTRODUCTION 


Three-fourths  of  the  energy  used  in  the  United  States 
comes  from  oil  and  gas,  supplies  which  are  limited  and  pro- 
jected to  decline  rapidly.   As  domestic  supplies  of  these 
two  fossil  fuels  dwindle,  imports  of  petroleum  products  and 
natural  gas  continue  to  climb.   In  1975,  37  percent  of  our 
petroleum  requirements  were  imported  at  a  cost  of  about  $27 
billion.   Imports  of  natural  gas  amounted  to  less  than  5  per- 
cent of  our  consumption  requirements  during  1975. 

The  Federal  Energy  Administration  predicts  that,  if  past 
trends  continue,  by  1985  we  will  import  up  to  12.7  million 
barrels  of  oil  a  day,  or  more  than  half  our  oil  needs.   The 
gas  situation  is  also  critical  as  gas  companies  have  already 
begun  curtailing  supplies  to  low  priority  customers,  and  in 
some  areas  such  curtailments  appear  to  be  in  the  offing  for 
high  priority  customers.   The  Energy  Research  and  Development 
Administration  (ERDA)  projects  that  during  the  15  years  pre- 
ceding the  turn  of  the  century,  the  Nation's  most  critical 
energy  problem  is  expected  to  be  the  liquid  fuels  gap. 

At  the  same  time,  the  Nation's  coal  supply  is  very  large. 
Total  domestic  coal  resources  are  estimated  at  3.97  trillion 
tons.   Recoverable  coal  reserves  are  much  smaller  than  esti- 
mated resources  because  only  a  fraction  of  the  total  resources 
are  considered  mineable  with  present  technology  and  under  pre- 
sent economic  conditions.   Recoverable  coal  reserves  are  esti- 
mated at  about  219  billion  tons,  which  at  the  present  rate  of 
consumption  would  last  more  than  300  years. 

The  United  States  has  four  types  of  coal — each  with  a 
different  heat  content — anthracite,  bituminous,  subbituminous , 
and  lignite.   Of  total  identified  coal  resources,  about  43 
percent  is  bituminous,  about  55  percent  is  subbituminous  and 
lignite,  and  less  than  2  percent  is  anthracite.   Almost  all 
lignite  and  subbituminous  coal  is  found  in  States  west  of 
the  Mississippi  River  and  in  Alaska.   Most  bituminous  coal  is 
found  in  the  central  and  eastern  United  States.   Anthracite 
coal  is  found  primarily  in  Pennsylvania.   Generally,  the 
western  coal  does  not  have  as  much  energy  content  for  each 
ton  as  eastern  coal  but  the  sulphur  content  of  western  coal 
is  generally  lower,  making  it  more  acceptable  environmentally. 

The  United  States  relies  most  on  its  plentiful  domestic 
energy  resources  and  least  on  its  most  abundant  ones.   Coal 
constitutes  about  85  percent  of  the  Nation's  reserves  of  all 
fossil  fuels. but  supplies  less  than  20  percent  of  our  energy 


needs.   According  to  ERDA,  the  direct  burning  of  coal  must 
play  an  important  role  in  our  energy  future.   However,  direct 
burning  often  cannot  substitute  for  the  Nation's  liquid  and 
gaseous  energy  needs.   Processes  now  exist  and  are  being  de- 
veloped that  can  convert  coal  into  oil  and  gas  and  thereby 
help  reduce  our  imports  and  shortages  o.l  these  fuels.   These 
processes  are  called  coal  liquefaction  and  coal  gasification. 


ERDA's  June  1975  "National  Plan  for  Energy  Research, 
Development,  and  Demonstration"  projected  that  first- 
generation  liquefaction  technology  could  be  producing  at 
least  2-1/2  million  barrels  of  oil  a  day  by  1985,  while  first- 
generation  gasification  technology  could  be  producing  the 
equivalent  of  between  1/2  and  1-1/2  million  barrels  of  oil  a 
day  by  1985.   ERDA  is  now  revising  these  estimates,  and  a 
draft  document  no  longer  projects  a  1985  production  goal  from 
coal  liquefaction  processes  and  projects  the  equivalent  of 
between  250,000  and  500,000  barrels  of  oil  a  day  from  coal 
gasification  processes. 

IMPETUS_FOR_  U^SJ._EFFCRTS_TO 
£52PM£I_SYNTHETIC__FDELS 

In  his  1975  State  of  the  Union  Message,  the  President 
called  for  accelerated  development  of  the  Nation's  energy 
technology  and  resources  and  proposed  a  set  of  energy  supply 
and  conservation  measures  to  reduce  the  United  States  depen- 
dence on  foreign  oil  by  1985.   As  part  of  these  measures,  he 
proposed  that  the  Government  provide  financial  and  other  in- 
centives to  stimulate  investment  in  a  number  of  commercial- 
scale  synthetic  fuel  plants.   In  addition,  he  set  a  goal  to 
produce  the  equivalent  in  synthetic  fuels  of  1  million  bar- 
rels of  oil  a  day  by  1985. 

In  response  to  the  President's  goal,  a  synfuels  inter- 
agency task  force  was  established  in  February  1975,  under  the 
aegis  of  the  Energy  Resources  Council,  to  study  and  make  rec- 
ommendations on  Federal  policy  and  programs  for  synthetic 


fuels.   In  November  1975,  the  task  force  issued  its  report 
"Recommendations  for  a  Synthetic  Fuels  Commercialization 
Program."   The  report  recommended  a  two-phased  program  to 
achieve  the  President's  goal  of  producing  the  equivalent  of 
1  million  barrels  of  oil  a  day  from  synthetic  fuels  by  1985. 

The  first  phase  would  be  aimed  at  developing  information 
on,  and  demonstrating  the  technical,  economic,  and  environ- 
mental feasibility  of  commercial-scale  plants  using  available 
(first-generation)  technologies.   ERDA  believes  that  this  in- 
formation would  contribute  to  the  commercialization  of  a 
large  number  of  coal  conversion  plants. 

The  first  phase  calls  for  constructing  and  operating 
about  12  to  15  commercial-sized  plants  using  different  energy 
resources  and  synthetic  fuels  technologies.   It  is  anticipated 
that  the  equivalent  of  about  350,000  barrels  of  oil  a  day 
would  be  produced  in  the  first  phase.   Of  the  350,000,  the 
equivalent  of  about  220,000  barrels  a  day  would  be  synthetic 
gas  from  coal,  and  the  remainder  would  be  almost  entirely 
from  oil  shale.   No  production  is  expected' dur ing  this  phase 
from  coal  liquefaction  processes. 

The  second  phase  of  the  program,  if  undertaken,  would  be 
aimed  at  the  production  of  the  remaining  650,000  oil  equiva- 
lent barrels  a  day  needed  to  meet  the  President's  goal.   A 
decision  regarding  the  pace,  nature,  and  scope  of  the  second 
phase  will  not  be  made  until  the  1979-80  time  frame  when  more 
information  becomes  available  on 

— the  environmental  and  other  impacts  associated 
with  synthetic  fuels  processes, 

— results  of  research  and  development  aimed  at 
improving  synthetic  fuel  processes, 

— the  world  energy  situation,  and 

— the  industries'  response  to  the  first  phase. 

COMMERCIALIZING  FIRST-GENERATION  TECHNOLOGY 

The  President  designated  ERDA  to  carry  out  the  first 
phase  of  the  synthetic  fuels  program.   To  carry  out  this  re- 
sponsibility, -the  task  force  recommended  that  ERDA  establish 
a  synthetic  fuels  program  under  a  separate  assistant  adminis- 
trator so  that  the  program  could  be  carried  out  in  a  commer- 
cial environment  rather  than  in  a  research  and  development 
environment.   The  task  force  also  recommended  that,  although 
ERDA  has  most  of  the  basic  statutory  authority  necessary  to 
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implement  the  program  under  the  Federal  Nonnuclear  Energy 
Research  and  Development  Act  of  1974  (42  U.S.C.  5901)  the  act 
should  be  amended  to  authorize  EPDA  to  make  loan  guarantees 
under  the  program.   ERDA  is  now  supporting  legislation  which 
would  give  it  this  additional  authority. 

On  January  30,  1976,  ERDA  established  the  Office  of 
Commercialization.   One  of  the  purposes  of  this  office  is 
analyzing  and  planning  the  synthetic  fuels  commercialization 
program. 


We  issued  a  report  to  the  House  Subcommittee  on  Energy 
Research,  Development,  and  Demonstration  (Fossil  Fuel),  Com- 
mittee on  Science  and  Technology  (RED-76-82)  on  March  19, 
1976.   That  report  evaluated  a  proposal  which  would  have  au- 
thorized a  loan  guarantee  program  for  commercial  synthetic 
fuel  demonstration  facilities  and  discussed  the  Administra- 
tion's efforts  for  implementing  such  a  program. 


CHAPTER_2 
ERDA'S  COAL  CONVERSION  PROGRAM 


Before  the  Energy  Research  and  Development  Administra- 
tion (ERDA)  was  established  on  January  19,  1975,  coal  re- 
search activities  were  carried  out  by  the  Department  of  the 
Interior,  1/  the  Environmental  Protection  Agency,  the 
Tennessee  Valley  Authority,  and  the  National  Science  Founda- 
tion.  Until  then,  there  was  no  focal  point  for  Federal  coal 
research  efforts.   Coal  research  evolved  over  a  period  of 
years  in  response  to  the  specific  interests  of  these  various 
agencies,  with  each  agency  pursuing  its  own  research  objec- 
tives and  priorities. 

ERDA  was  authorized  to  bring  together  and  direct  Federal 
activities  relating  to  research  and  development  of  the  vari- 
ous sources  of  energy  and  to  perform  various  other  functions. 
ERDA's  responsibilities  include: 

— Exercising  central  responsibility  for  policy 
planning,  coordination,  support,  and  management 
of  all  energy  research  and  development  programs. 

— Encouraging  and  conducting  research  and  develop- 
ment, including  demonstration  of  commercial 
feasibility  and  practical  applications  related  to 
the  development  and  use  of  various  energy  sources. 

--Participating  in  and  supporting  cooperative  research 
and  development  projects  which  may  involve  contri- 
butions to  the  performance  of  the  work  by  public  or 
private  persons  or  agencies  of  financial  or  other 
resources. 

ERDA's  authority  to  provide  Federal  assistance  and  par- 
ticipation for  developing  new  technologies  includes  (1)  joint 
Federal-industry  experimental,  demonstration,  or  commercial 
corporations,  (2)  contractual  arrangements  with  non-Federal 


1/  The  Office  of  Coal  Research,  Department  of  the  Interior, 
was  the  principal  Government  research  entity  involved  in 
converting  coal  to  synthetic  fuel.   All  the  functions  and 
personnel  of  this  Office  were  transferred  to  ERDA.   An 
earlier  GAO  report,  "Federal  Coal  Research — Status  and  Prob- 
lems to  Be  Resolved"  (RED-75-322)  ,  dated  February  18,  1975, 
addressed  coal  research,  including  coal  supply  research, 
before  the  establishment  of  ERDA. 


participants,  (3)  contracts  for  construction  and  operation 
of  federally  owned  facilities,  (4)  Fedsral  purchases  or 
guaranteed  prices  of  the  products  of  demonstration  plants 
(subject  to  congressional  authorization  of  each  price  sup- 
port program),  (5)  Federal  loans  to  non-Federal  entities  con- 
ducting demonstrations  of  new  technologies,  and  (6)  patent 
waiver  authority. 

f^NDING_AND_STRATEGY 

ERDA's  coal  conversion  research  and  development  program 
is  aimed  at  developing  and  demonstrating  second-generation 
technologies  to  convert  domestic  coal  into  liquid  and  gaseous 
fuels.   ERDA's  strategy  envisions  developing  various  second- 
generation  processes  progressively  scaled-up  to  a  point  where 
private  industry  will  begin  sharing  development  costs  and 
eventually  take  the  steps  necessary  to  use  selected  processes 
on  a  commercial  scale.   The  current  program  is  exploring  the 
following  areas:   (1)  liquefaction  conversion  processes 
which  will  provide  substitute  fuels  for  liquid  boilers,  trans- 
portation, chemical  feedstocks  and  other  uses,  (2)  gasifica- 
tion processes  which  will  produce  gas  of  high  British  thermal 
unit  1/  (Btu)  value  (about  950  to  1,000  Btu's  a  cubic  foot) 
as  a  substitute  for  natural  or  pipeline  gas,  and  (3)  gasifi- 
cation processes  which  will  produce  gas  of  low-  or  medium-Btu 
quality  (about  100  to  500  Btu's  a  cubic  foot)  as  a  substitute 
fuel  for  conventional  boilers,  other  industrial  applications, 
and  chemical  feedstocks. 

The  following  table  summarizes  the  funding  levels  of 
ERDA's  liquefaction  and  gasification  program. 


1/  The  amount  of  energy  necessary  to  raise  the  temperature  of 
1  pound  of  water  by  1° F .   A  barrel  of  crude  oil  has  an 
energy  content  of  5.6  million  Btu's;  a  gallon  of  gasoline 
125,000  Btu's. 


Table 

I 

ERDA  Coal 

Liquefaction  and  Gasification 

Program  Funding 

Demon- 

Fiscal 

Lique- 
faction 

Gasification 

stration 
plants 

.4.  s^A   \ 

year 

High  Btu 

Low  Btu 

Total 

—  \  U  \i\i     Omiuucuy 

1974 

(note  a) 

$  45,500 

$  33,300 

$   22,100 

$     - 

$   100,900 

1975 

94,745 

59,805 

49,993 

- 

204,543 

1976 

(esti- 

mated) 

89,912 

53,364 

24,552 

31,900 

199,728 

Transition 

quarter 

(esti- 

mated) 

(note  b) 

26,443 

9,250 

6,720 

7,750 

50,163 

1977 

(esti- 

mated) 

73,946 

45,054 

33,052 

53,000 

205,052 

1978 

(esti- 

mated) 

125,100 

64,600 

52,800 

50,000 

292,500 

1979 

(esti- 

mated) 

143,500 

61,100 

36,000 

43,000 

283,600 

1980 

(esti- 

mated) 

153,700 

33,7'bo 

42,700 

88,000 

318,100 

19  81 

(esti- 

mated) 

125,000 

27,300 

35,900 

103,000 

291,200 

Total 

$877,846 

$387,473 

$303,817 

$376,650 

$1,945,786 

a/Department  of  the  Interior  figures. 

b/The  transition  quarter  is  the  period  caused  by  the  changing 
of  the  start  of  the  Federal  fiscal  year  1977  from  July  1, 
1976,  to  October  1,  1976. 


Development  of  a  coal  conversion  process  generally 
proceeds  through  the  following  stages,  although  ERDA  could 
overlap  or  skip  stages  to  accelerate  the  pace. 

Tons  of  coal 

converted  a        Typical  time  to 
§^£2^  d^y  (-note  a)       complete  a  stage 

(years') 

Laboratory  Unit  and 

bench  scale  unit  less  than  10  1  to  4 

Process  development 

unit  10   to    .100  4  to  6 

Pilot  plant  100   to   1,000  5  to  8 

Demonstration  plant     1,000   to  10,000  8  to  12 

a/  These  amounts  are  examples  which  offer  perspective  as  to 
the  relative  scale-up  from  stage  to  stage;  they  do  not 
necessarily  reflect  any  one  given  process  stage  now  under 
development.   In  fact,  ERDA  describes  some  35-  to  70-ton- 
a-day  facilities  as  pilot  plants. 

In  contrast,  a  commercial  plant  may  convert  about  25,000  tons 
of  coal  a  day.   ERDA  believes  that  a  process  should  be  able 
to  proceed  from  the  laboratory  to  completion  of  demonstration 
in  15  to  20  years. 

ERDA '  s  cost-sharing  strategy  is  to  have  industry  fund 
one-third  of  the  construction  and  operation  costs  for  pilot 
plants  and  one-half  for  demonstration  plants.   Initial  re- 
search stages,  such  as  laboratory  scale  research,  as  well  as 
pilot  and  demonstration  plant  design,  are  usually  fully 
funded  by  ERDA. 

These  funding  levels  are  not  set  by  law  or  Federal  regu- 
lations.  Cost-sharing  guidelines  are  set  forth  in  a  Federal 
Management  and  Budget  Circular,  dated  December  4,  1973.   This 
circular  states  that  cost  participation  by  commercial  or  in- 
dustrial organizations,  could  reasonably  range  from  as  little 
as  1  percent  or  less  of  the  total  project  cost  to  more  than 
50  percent  of  the  total  project  cost. 

Although  flexibility  is  provided  in  the  cost-sharing 
guidelines,  ERDA  has  continued  a  cost-sharing  stragety  of  ob- 
taining about  one-third  industry  contributions  for  new  pilot 
plant  projects  and  about  one-half  for  demonstration  plant  pro- 
jects.  This  is  apparently  based  on  discussions  with  the 
Office  of  Management  and  Budget. 


A  1973  draft  document  from  the  Department  of  the 
Interior  presents  reasons  for  establishing  a  set  percentage 
for  cost  participation.   It  states  that  flexibility  in  a 
contract  research  program  is  not  practical.   It  also  states 
that  the  main  problem  is  that  negotiating  pressures  tend  to 
force  the  agreement  to  the  lowest  possible  level  of  industry 
cost-sharing . 

ERDA  and  Office  of  Management  and  Budget  officials  told 
us  that  some  cost  sharing  is  desirable  because,  among  other 
things,  it  reduces  risk  and  improves  the  probability  of  suc- 
cess, since  industry  would  hesitate  to  attempt  high-risk  oper- 
ations when  it  invests  some  of  its  own  money. 

STATUS_OF_ERDA-SUPPORTED_SECONDzGENERATION 
LIQUEFACTION  PROCESSES 

Technology  for  converting  coal  to  liquid  fuels  was  de- 
veloped in  Germany  over  60  years  ago.   Commercial  operations, 
started  in  Germany  in  the  1930s,  expanded  and  accelerated 
with  the  onset  of  World  War  II.   At  the  present  time,  however, 
there  appears  to  be  only  one  commercial  plant  producing  liq- 
uid fuels  from  coal.   Details  on  this  plant,  which  is  located 
in  South  Africa,  are  presented  in  appendix  I. 

Coal  liquefaction  is  the  process  of  converting  coal  into 
a  liquid  fuel.   There  are  several  different  methods  for  pro- 
ducing clean  liquid  fuels  from  coal.   Some  processes  burn 
coal,  condense  the  resulting  gases,  and  add  hydrogen  to  form 
a  liquid,  whereas  other  processes  chemically  dissolve  coal 
with  hydrogen  to  form  a  liquid. 

The  objectives  of  ERDA's  liquefaction  research  and  de- 
velopment program  include: 

— Developing  and  demonstrating,  in  cooperation  with 
industry,  second-generation  processes  necessary 
to  construct  commercial-scale  plants  by  1982-85. 

— Providing  incentives  required  to  promote  large- 
scale  commercial  production  by  private  industry 
beginning  in  1985  and  achieving  by  that  time  a 


production  rate  of  500,000  barrels  a  day  of 
synthetic  liquid  fuel.  1/ 

On  January  1,  1976,  ERDA  was  funding  five  liquefaction 
processes  which  were  beyond  the  basic  research  stage  (1  ton 
a  day  or  larger).   Summary  information  on  these  processes  is 
presented  in  the  following  table,  while  more  detailed  infor- 
mation is  presented  in  appendix  II. 


1/  These  objectives  were  included  in  an  ERDA  document  dated 
July  10,  1975.   An  ERDA  draft  document  dated  November  24, 
1975,  revises  the  oil  production  goal  for  second-generation 
liquefaction  processes  to  100,000  barrels  a  day  by  1985. 
The  Director  of  ERDA's  Office  of  Coal  Conversion  and  Utili- 
zation told  us  that  100,000  barrels  a  day  is  a  more  realis- 
tic figure. 
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The  so-called  Coalcon  process  is  the  most  advanced  of 
the  five  liquefaction  projects  ERDA  funds.  It  is  the  only 
process  in  the  demonstration  phase  of  development. 

Liquefaction  demonstration  program 

In  June  1974,  the  Office  of  Coal  Research  requested  that 
private  industry  submit  proposals  for  building  a  demonstra- 
tion plant..   The  office  had  hoped  to  award  more  than  one  con- 
tract for  the  first  two  phases  of  this  project.   During  these 
phases  an  economic  assessment  of  a  future  commercial  plant, 
detailed  process  designs,  and  a  demonstration  plant  design 
were  to  be  completed.   By  awarding  more  than  one  contract, 
the  Office  of  Coal  Research  would  have  had  the  opportunity  to 
select  from  a  number  of  designs  the  most  promising  process  or 
processes . 

However,  only  three  proposals  were  submitted,  of  which 
only  one,  Coalcon>  met  the  requirements  of  the  request.   A 
much  larger  number  of  responses  had  been  anticipated.   Fur- 
ther, some  firms  which  were  considered  to  be  among  the  best 
qualified  for  such  work,  and  who  were  expected  to  submit  a 
proposal,  did  not  respond. 

ERDA  and/or  industrial  representatives  indicated  that 
the  lack  of  response  to  the  request  was  caused  by  factors 
such  as: 

— Unwillingness  to  spend  in  excess  of  $100  million  on 
a  precommercial  plant. 

— Serious  response  to  the  request  required  an  extensive 
work  effort  which  has  been  estimated  to  cost  in  excess 
of  $500,000. 

— The  patent  requirements  were  too  restrictive. 

--The  Government  was  going  to  have  excessive  control 
over  the  project. 

--The  requirement  that  industry  must  buy  the  plant 
at  the  completion  of  the  project. 

— Other  reasons  included  lack  of  sufficient  time  to 
respond,  disagreeing  with  the  emphasis  on  liquid 
product  requirements,  requirement  for  a  large  plant 
size,  and  emphasis  on  eastern  coal. 

On  January  17,  1975,  the  Office  of  Coal  Research  awarded 
a  $237  million  contract  to  the  Coalcon  Company.   Coalcon  is 
a  joint  venture  of  Union  Carbide  Corporation  and  Chemical 
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Construction  Company.   Coalcon  formed  a  14-member  consortium 
which  is  to  contribute  industry's  share  of  the  costs.   Coalcon 
representatives  said  that  each  member  has  signed  a  letter  of 
intent  indicating  their  willingness  to  participate  in  the 
project . 

Coalcon  will  design,  construct,  and  operate  the  expected 
2 , 600-ton-a-day  demonstration  plant.   A  commercial  size 
Coalcon  plant  could  be  composed  of  a  number  of  reactor  ves- 
sels, each  about  the  size  of  the  reactor  to  be  used  in  the 
Coalcon  demonstration  plant.   The  Coalcon  plant,  as  well  as 
planned  gasification  demonstration  plants,  is  expected  to  use 
a  near  commercial-scale  reactor  vessel  and  the  necessary 
commercial  support  equipment.   According  to  ERDA  officials, 
if  the  demonstration  plant  proves  successful,  it  could  be 
scaled-up  to  commercial  size  with  relatively  little  technical 
risk . 

The  Coalcon  plant  is  expected  to  produce  approximately 
3,900  barrels  a  day  of  liquid  product  and  the  equivalent  of 
3,900  barrels  of  oil  a  day  of  pipeline  quality  gas.   The  ex- 
pected output  for  each  ton  of  coal  is  about  1-1/2  barrels  of 
oil  and  8,500  cubic  feet  of  gas  (the  equivalent  of  1-1/2  bar- 
rels of  oil ) . 

The  demonstration  project  is  currently  in  phase  I,  pre- 
liminary design.   ERDA  and  Coalcon  are  now  working  to  overlap 
the  subsequent  phases  where  possible  to  save  time.   A  site 
near  New  Athens,  Illinois,  has  been  selected  over  15  other 
sites.   Plant  construction  is  scheduled  to  begin  in  June  1977, 
with  plant  operation  to  begin  in  February  1979.   The  demon- 
stration plant  is  to  be  operated  for  about  3-1/2  years. 

ERDA  will  pay  the  cost  of  the  design  phases,  I  and  II, 
of  the  contract.   Coalcon  will  contribute  50  percent  of  the 
costs  incurred  in  phases  III  and  IV  (constructing  and  opera- 
ting the  plant) . 

STATUS_OF_ERDA-SUPPORTED  SECOND-GENERATION 
GASIF_ICATICN_PROCESSES 

Gas  made  from  coal  was  once  widely  used  in  the  United 
States.   It  has  only  been  about  20  years  since  U.S.  utilities 
shifted  from  coal  to  natural  gas.   Processes  used  to  manu- 
facture coal  gas  were  crude,  inefficient,  and  costly,  and  gas 
output  from  plants  using  these  processes  was  low.   Some  pro- 
cesses are  still  commercially  available  and  are  being  used, 
mostly  in  other  countries,  to  produce  low-  and  medium-Btu  gas 
from  coal.   These  first-generation  processes  are  discussed 
more  fully  in  appendix  I. 
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In  coal  gasification  processes,  the  coal  is  fed  into  a 
high-temperature  vessel,  called  a  gasifier,  into  which  steam 
and  either  air  or  oxygen  are  injected.   Chemical  reactions 
occur  and  a  mixture  of  gases  is  produced;  these  usually  in- 
clude carbon  monoxide,  hydrogen,  and  methane.   Methane  is  the 
main  constituent  of  natural  gas.   The  gases  are  then  cooled 
and  undesirable  components,  such  as  carbon  dioxide  and  sul- 
phur are  removed. 

The  raw  gas,  produced  at  this  point,  is  referred  to  as 
low-Btu  gas  if  produced  with  air,  and  medium-Btu  gas  if  pro- 
duced with  oxygen.   This  gas  has  a  low  or  medium  heat  value 
(less  than  450  Btu's  a  cubic  foot)  and  cannot  be  economically 
transported  over  long  distances  by  pipeline.   It  is  valuable, 
however,  as  a  fuel  supply  for  electrical  power  generation 
plants  or  industrial  processes  using  gas-fired  furnaces  which 
are  located  near  the  conversion  plant.   Low-  and  medium-Btu 
gas  plants  are  in  commercial  use  today,  some  of  which  are 
based  on  technology  developed  in  Europe  about  40  years  ago. 

Low-  and  medium-Btu  gas  can  be  upgraded  to  a  high-Btu 
gas  (950  to  1,000  Btu's  a  cubic  foot)  through  a  reaction 
between  hydrogen  and  carbon  monoxide,  referred  to  as  methana- 
tion.   High-Btu  synthetic  gas  is  a  substitute  for  natural  gas 
and  can  be  transmitted  in  existing  pipeline  networks  to  sat- 
isfy the  demands  of  present  natural  gas  users. 

The  objectives  of  ERDA's  high-Btu  gasification  program 
are  to: 

— Develop  and  demonstrate,  in  cooperation  with  industry, 
by  1982  new  and  improved  technology  necessary  to  con- 
struct commercial-scale  plants,  which  convert  domestic 
coal  into  synthetic  pipeline  gas. 

— Provide  incentives  required  to  promote  large-scale 
commercial  production  of  synthetic  pipeline  gas  by 
private  industry  beginning  in  1985  and  to  achieve  by 
1990  a  production  rate  of  the  equivalent  of  more  than 
500,000  barrels  of  oil  a  day.  1/ 


1/  These  objectives  were  included  in  an  ERDA  document  dated 
July  10,  1975.   An  ERDA  draft  document  dated  November  24, 
1975,  revises  the  production  goal  for  second-generation 
technology.   A  goal  of  the  equivalent  of  300,000  barrels 
of  oil  a  day  is  established  for  high-Btu  gasification  and 
250,000  barrels  for  low-Btu  processes  by  1985. 
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The  objectives  of  ERDA's  low-Btu  program  are  to: 

— Develop  and  demonstrate,  in  cooperation  with 
industry,  improved  technology  necessary  for  con- 
structing commercial-scale  plants  for  processes 
which  convert  domestic  coal  to  environmentally 
acceptable  substitute  gaseous  fuels  for  con- 
ventional boilers,  other  industrial  applications 
and  chemical  feedstocks,  and  later  for  advanced, 
systems  to  generate  electrical  power.   The  target 
date  for  completion  is  1981. 

— Provide  incentives  required  to  promote  large-scale 
commercial  production  and  utilization  of  low-Btu 
gas  by  private  industry  beginning  in  1987.  1/ 

As  of  January  1,  1976,  ERDA  was  funding  five  second- 
generation  processes  beyond  basic  research  aimed  at  producing 
high-Btu  gas,  and  one  project  aimed  at  producing  the  hydrogen 
needed  to  make  high-Btu  gas.   In  the  low-Btu  gas  area,  ERDA 
was  funding  seven  processes  that  were  beyond  basic  research. 
None  of  these  processes  has  yet  completed  the  pilot  plant 
phase.   Summary  information  on  these  EFDA-funded  processes 
is  included  in  the  following  table  and  more  detailed  infor- 
mation on  selected  processes  is  presented  in  appendix  II. 


1/  See  footnote  on  p.  14. 
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M9h;i§tu_gasif  icatj.on. 
demon s tration  p r o j e c t 

On  October  3,  1975,  ERDA  requested  that  private  industry 
submit  proposals  to  design,  construct,  and  operate  a  high-Btu 
gas  demonstration  plant  of  sufficient  size  to  demonstrate 
commercial  feasibility.   The  request  called  for  a.  three- 
phased  development  program  with  the  Government  funding  all 
of  phase  I  (design)  and  50  percent  of  phases  II  (construction) 
and  III  (operation).   An  ERDA  official  told  us  that  some  esti- 
mate the  cost  of  responding  to  this  request  at  about  $150,000 
to  $300,000.   ERDA  anticipates  making  one  or  more  awards  for 
phase  I  and  later  selecting  the  process  or  processes  it 
wishes  to  demonstrate. 

ERDA  received  five  responses  to  the  request.   We  obtained 
the  following  information  from  these  companies  on  their  pro- 
posed projects. 


Respondent 

Conoco  Coal 
Development 
Co. 


Process 
Slagging  Lurgi 


Capacity 

3,800  tons 
a  day 


Plant 
location 

Ohio 


Illinois  Coal 
Gasification 
Group 


Cogas 


2,000  tons 
a  day 


111 inois 


Ken-Tex  Energy      Hygas 
Corp. 


Wheelabrator 
Frye  Inc. 


Synthane 
Wycoalgas  Group     Texaco 


7,300  tons     Kentucky 
a  day 

2,300  tons    Alabama 
a  day 

4,500  tons    Wyoming 
a  day 


ERDA  is  now  evaluating  the  proposals  and  anticipates 
awarding  phase  I  contracts  by  June  30,  1976.   Presently, 
ERDA  has  authorization  for  a  single  high-Btu  coal  gasifi- 
cation demonstration  plant.   It  plans  to  request  congres- 
sional authorization  for  a  second  plant  in  its  fiscal  year 
1978  budget. 

The  demonstration  program  has  an  8-year  work  schedule. 
Phase  I,  design,  is  to  be  completed  20  months  after  the  award 
of  the  contract.   Phase  II,  demonstration  plant  construction, 
is  scheduled  for  34  months.   Phase  III,  operation  of  the 
plant,  is  scheduled  to  run  for  42  months. 
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On  February  5,  1976,  ERDA  requested  private  industry  pro- 
posals for  low-Btu  gasification  demonstration  plants.   The 
request  calls  for  bids  on  a  three-phase  program  of  design, 
construction,  and  operation  of  three  types  of  plants:   utility, 
industrial,  and  small-scale  industrial.   The  utility  plant  is 
to  demonstrate  the  production  of  fuel  gas  from  coal  for  use 
by  electrical  utilities.   The  industrial  plant  is  aimed  at 
demonstrating  the  ability  to  use  the  fuel  gas  produced  by 
second-generation  processes  in  an  industrial  application. 
The  small-scale  industrial  plant  is  aimed  at  demonstrating  a 
process  using  first-  or  second-generation  technology  with  a 
gas  cleanup  system  for  general  use  by  small-scale  users. 

ERDA  anticipates  making  more  than  one  award  for  the 
design  phase  for  each  type  of  plant  and  later  selecting  the 
process  or  processes  which  will  continue  to  the  construction 
phase.   Presently,  ERDA  is  authorized  to  begin  the  construc- 
tion phase  for  the  utility  project.   Congressional  approval 
and  funding  is  necessary  before  ERDA  begins  the  construction 
phase  for  the  industrial  and  small-scale  plants. 

The  demonstration  program  for  the  utility  and  industrial 
plant  projects  is  expected  to  last  6  years;  about  4-1/2  years 
should  be  required  for  the  small-scale  industrial  project. 
ERDA  hopes  to  start  awarding  contracts  under  the  program  dur- 
ing August  1976 . 

CONCLUSIONS 

ERDA ' s  research  on  advanced  or  second-generation  pro- 
cesses is  aimed  at  developing  them  in  a  time  frame  that  per- 
mits production  of  synthetic  oil  and  gas  by  1985.   No  process 
has  yet  been  operated  on  a  demonstration  scale,  but  ERDA 
believes  that  once  this  is  achieved  little  technical  risk 
should  exist  in  scaling  these  demonstration  plants  up  to  com- 
mercial size.   The  liquefaction  demonstration  program  is  now 
in  the  preliminary  design  stage.   ERDA  has  not  yet  awarded 
contracts  for  demonstration  projects  in  the  gasification  area 
but  expects  to  do  so  in  mid-to-late  1976.   Schedules  for 
these  projects  show  that,  if  the  projects  proceed  as  currently 
planned,  the  operation  of  the  demonstration  plants  would  not 
be  completed  until  1981-84. 

Coal  liquefaction  and  gasification  processes  still  re- 
quire considerable  development  and  time  before  they  will  be 
available  for  commercial  use.   In  fact,  ERDA's  goal  for  pro- 
duction from  second-generation  liquefaction  plants  by  1985 
has  already  slipped  considerably  from  its  July  1975 
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projections.   Assuming  the  current  pace  of  development 
continues,  the  revised  goals  being  drafted  by  ERDA  may  be 
difficult  to  achieve.   In  fact,  it  appears  highly  unlikely 
that  any  commercial-size  coal  liquefaction  plant  will  be 
operating  in  the  United  States  by  1985. 
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GHAPTER_3 

CONSTPAINTS_TO_ COMMERCIALIZING 
COAL  CONVERSION  TECHNOLOGY 


The  major  commercial  projects  proposed  in  the  United 
States  to  build  plants  to  produce  synthetic  liquids  or  gas 
from  coal  have  been  in  the  high-Btu  gasification  area.   As 
of  January  -31,  1976,  three  companies  had  submitted  applica- 
tions to  the  Federal  Power  Commission  (FFC)  for  approval  of 
high-Btu  coal  gasification  plants.   Each  of  these  companies 
proposed  using  the  Lurgi  process  with  a  methanation  unit. 
Summary  information  on  these  applications  is  shown  in  the 
following  table.   At  least  13  other  companies  have  announced 
their  intentions  to  build  commercial  high-Btu  gasification 
plants  but  as  of  January  31,  1976,  none  have  filed  applica- 
tions with  FPC.   (Appendix  III  lists  these  companies.) 

This  chapter  focuses  on  the  economic  constraints  and 
other  considerations  to  commercializing  coal  conversion  pro- 
cesses.  Much  of  the  information  presented  is  based  on  the 
experiences  of  the  three  companies  that  have  filed  with  FPC 
for  high-Btu  gasification  plants  using  first-generation 
technology. 
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RECENT  FPC  RULINGS  AFFECTING  COAL  GASIFICATION 

The  Natural  Gas  Act  of  1938  (15  U.S.C.  717)  requires  FPC 
authorization  before  a  company  can.  sell  or- transport  natural 
gas  in  interstate  commerce.   FPC  recently  interpreted  the  act 
to  mean  that  synthetic  gas  is  not  natural  gas  and  is  not  sub- 
ject to  its  jurisdiction  unless  the  synthetic  gas  is  commin- 
gled with  natural  gas  in  an  interstate ■ pipeline .   In  almost 
all  cases,  synthetic  high-Btu  gas  will  be  commingled  with 
natural  gas.   Low-Btu  gas  differs  considerably  from  natural 
gas  and  will  not  be  commingled. 

FPC's  jurisdiction  covers  transportation  and  sale  of  com- 
mingled synthetic  gas  but  not  the  synthetic  gasification  plant 
itself.   FPC  authorization  is  needed  to  (1)  build  a  connection 
assembly  at  the  existing  natural  gas  pipeline,  (2)  transport 
and  sell  the  synthetic  gas,  and  (3)  set  the  rate  which  compa- 
nies will  be  permitted  to  charge  for  the  gas.   WESCO  believed 
that  FPC  should  have  authority  over  synthetic  plants  and  con- 
tested the  jurisdictional  decision;  however,  the  decision  was 
sustained  on  July  28,  1975.  1/ 

Apart  from  the  jurisdictional  question,  a  second  major 
regulatory  issue  has  been  a  proposed  "all  events  tariff.'' 
Both  El  Paso  and  WESCO  wanted  FPC  to  allow  recoupment  of  all 
project  costs  plus  a  return  on  investment  under  all  events, 
even  if  the  plant  was  closed  after  a  brief  period  of  opera- 
tion.  FPC  decided  that  the  all  events  tariff  V7ESCO  proposed 
inadequately  protected  ratepayers.   It  devised  a  stronger  pro- 
vision which  reduced  rate  of  return  as  plant  output  decreased 
below  a  certain  annual  capacity  factor.   Plant  production  is 
not  clearly  established  in  the  decision.   An  FPC  official 
told  us  that  if  plant  production  fell  to  zero,  no  project 
costs  could  be  passed  to  customers. 

The  effect  of  these  FPC  decisions  on  risk  to  an  investor 
is  considerable.   In  essence,  it  means  that  in  cases  where 
gas  from  a  synthetic  fuel  plant  is  never  linked  to  a  pipeline 
or  in  cases  where  gas  production  ceases  and  the  plant  fails, 
the  project  investors  have  to  absorb  the  losses.   The  losses 
cannot  be  passed  on  to  customers.   If  FPC  had  allowed  losses 
from  failed  plants  to  be  passed  on  to  customers,  little  risk 
would  have  accrued  to  investors. 

The  Public  Utilities  Commission  of  California  has  been 
involved  in  these  proceedings  since  a  large  amount  of  the  syn- 
thetic gas  that  would  be  produced  by  the  plants  would  be  sold 


1/  Alice  Henry  v.  FPC,  No.  74-1045,  (D.C.  Cir.,  July  28,  1975) 

25 


in  California.   The  State  commission  agrees  with  WESCO  that 
Federal  assistance  is  essential  before  the  facilities  can  be 
built.   However,  California  has  also  urged  that  the  Federal 
Government  also  guarantee  the  ratepayer  that  the  cost  of  syn- 
thetic gas  will  not  escalate  above  a  certain  level.   A  WESCO 
official  said  that  their  project  is  geared  toward  their  Cali- 
fornia pipeline  and  that  without  a  good  indication  that  full 
costs  could  be  passed  on  in  California,  they  would  probably 
not  proceed  with  the  project. 

ECONOMIC  CONSTRAINTS 

Underlying  all  discussions  of  what  investments  should  be 
made  is  the  basic  question  of  economics,  if  capital  is  inves- 
ted, is  there  the  expectation  of  a  reasonable  return.   Many 
factors  must  be  assessed  by  both  project  sponsors  and  lenders 
to  answer  this  important  question.   Among  the  most  important 
are  (1)  capital  requirements,  (2)  the  impact  of  possible  cost 
escalation  and  delays,  (3)  product  competitiveness,  and  (4) 
technical  r  isk  . 

Capital  requirements 

Liquefaction  and  gasification  plants  require  large  capi- 
tal investments.   The  financial  situation  of  many  gas  compa- 
nies interested  in  building  synthetic  coal  gasification  plants 
is  apparently  not  adequate  to  secure  the  loans  required  to 
build  the  plants.   The  average  total  assets  of  the  10  largest 
gas  companies  in  1974  was  about  $2  billion,  and  these  compa- 
nies have  relatively  high  ratios  of  debt  to  equity.   The  capi- 
tal requirement  for  a  high-Btu  gasification  plant  is  expected 
to  approximate  $1  billion.   For  these  companies,  such  an  in- 
vestment is  considerable  and  most  likely  would  only  be  made 
if  there  were  reasonable  assurance  of  a  favorable  return  on 
investment  in  relation  to  risk.   Since  a  high  ratio  of  debt  to 
equity  tends  to  transfer  the  risk  of  a  project  to  the  lending 
institution,  and  a  return  on  investment  is  not  guaranteed, 
these  institutions  may  be  reluctant  to  loan  funds. 

Capital  cost  estimates  for  the   three  high-Btu  projects 
with  applications  before  FPC  have  increased  enormously  since 
the  initial  estimates.   The  following  table  shows  the  amount 
of  these  increases.   The  cost  of  the  plant  proposed  by  the 
El  Paso  Natural  Gas  Company  equals  about  50  percent  of  the 
company's  total  assets  for  a  plant  which  would  supply  only 
about  14  percent  of  El  Paso's  estimated  available  natural  gas 
for  1979.   The  capital  cost  increases  for  the  other  proposed 
projects  are  similar  to  those  for  the  El  Paso  project. 

An  important  factor  affecting  capital  cost  requirements 
is  how  the  expense  of  costs  incurred  during  construction, 
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Table  5 


Hiah-Btu  Coal  Gasificati 

on  Projects 

Capital  Cost  Esti 

nates 

Project  sponsor 

Date  when  project 

completion  and  cost 

was  estimated 

Estimated 
project  com- 
pletion date 

Estimated 

project 

cost 

(millions) 

El  Paso  Natural 
Gas  Company 

Aug.  1971 
Nov.  1972 
Oct.  1973 
Dec.  1975 

1976 
1976 
1978 
(a) 

$250 

353 

491 
(Approximately 
$1  billion) 

WESCO 

Feb.  1973 
June  1974 
Jan.  1975 

b/1979 
1979 
(c) 

406 

447 

-'  853 

Michigan -Wis cons  in 

Mar.  1974 
Apr.  1975 

1980 
1980 

450 
d/778 

a/  El  Paso  no  longer  projects  a  specific  completion  date  other  than  it 
would  occur  3  to  3-1/2  years  after  the  date  when  all  necessary 
approvals  were  obtained  and  financial  arrangements  completed. 

b/  An  earlier  estimate  projected  that  the  plant  could  become  operational 
in  1977. 

c/  Construction  was  scheduled  to  begin  in  early  1976,. but  has  not. 
WESCO  currently  claims  that  its  project  cannot  proceed  without 
Government  incentives. 

d/  Does  not  include  capitalized  interest  during  construction,  which  is 
expected  to  be  provided  on  a  current  basis  through  a  surcharge  to 
Michigan-Wisconsin  Pipeline  Co.  customers.  This  is  subject  to  FPC 
approval. 
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such  as  interest  on  borrowed  money  and  return  on  equity,  is 
handled.   Sponsors  of  the  Michigan-Wisconsin  project  have 
proposed  assessing  a  surcharge,  during  the  construction  pe- 
riod, on  Michigan-Wisconsin  Pipeline  Company's  gas  customers. 
This  would  reduce  the  capital  requirement  for  the  Michigan- 
Wisconsin  gasification  plant  by  over  $400  million  (in  esca- 
lated dollars).   It  is  Michigan-Wiscons in ' s  position  that 
FPC  must  authorize  this  surcharge  during  the  construction 
period  if  gasification  plants  are  to  be  financed.   While 
neither  El  Paso  nor  WESCO  has  proposed  a  surcharge  to  cover 
funds  used  during  construction,  officials  from  both  companies 
indicated  their  interest  in  doing  so,  should  FPC  approve  the 
Michigan-Wisconsin  proposal. 

These  companies  are  now  holding  discussions  with  finan- 
cing institutions;  the  prospects  for  success  are  not  good. 
The  financial  consulting  firms  of  Morgan  Stanley  and  Company 
and  Dillon,  Read  and  Company  concluded  that  the  WESCO  project 
was  not  financeable  under  the  conditions  set  forth  in  the 
April  21,  1975,  FPC  decision.   Morgan  Stanley  noted  that  the 
anticipated  capital  costs  are  large  in  relation  to  the  com- 
panies' capitalization  and  lenders  would  be  concerned  that 
the  sponsoring  companies  could  not  handle  foreseeable  project 
losses.   First  National  City  Bank  of  New  York,  a  potential 
project  investor,  concluded  that  it  does  not  wish  to  partici- 
pate in  the  financing  arrangements  because  FPC  decisions  did 
not  allow  recovery  of  total  costs  in  all  cases  and  did  not 
provide  investor  guarantees  in  cases  where  the  plant  is  not 
completed.   On  October  20,  1975,  Dillon,  Read  and  Company 
concluded,  in  testimony  before  Congress,  that  Government  as- 
sistance and  changes  in  regulatory  policy  will  be  required 
for  regulated  natural  gas  companies  to  accomplish  the  finan- 
cing of  high-Btu  coal  gasification  projects. 

After  these  financial  studies  were  made,  a  modified  FPC 
decision  was  issued  on  November  21,  1975.   Although  this  de- 
cision is  more  favorable  to  project  sponsors,  it  does  not 
appear  to  change  the  major  reasons  for  the  conclusions  of 
these  financial  groups.   Essentially  the  modified  decision 
increased  the  price  which  could  be  charged  to  customers  and 
attempted  to  assist  the  f inanceabil ity  of  the  project.   WESCO 
currently  claims  that  its  project  cannot  be  financed  without 
Government  guarantees.   El  Paso  and  Michigan-Wisconsin  offi- 
cials told  us  that  Federal  guarantees  are  desirable  and  might 
be  necessary. 

For  liquefaction  projects,  the  need  for  large  amounts  of 
capital  is  also  great.   South  Africa's  second  commercial  liq- 
uefaction plant  will  produce  the  equivalent  of  about  50,000 
barrels  of  oil  a  day  and  is  being  sponsored  by  the  South 
African  Government.   The  project  is  estimated  to  cost  $1-1/2 
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2  billion.   The  South  African  project  will  be  funded  from 
three  principal  sources:   a  fund  fed  by  fuel  users,  export 
credit  finance,  and  moneys  voted  by  the  South  African 
Parliament. 

An  important  distinction  regarding  the  capital  require- 
ment for  building  coal  liquefaction  plants  in  comparison  with 
gasification  plants  is  that,  while  interest  in  gasification 
technology  .is  evident  mainly  among  gas  companies,  major  oil 
companies  have  expressed  interest  in  liquefaction  technology. 
For  example,  two  interested  oil  companies,  Exxon  and  Gulf, 
had  total  assets  of  $31.3  billion  and  $12.5  billion,  respec- 
tively, in  1974  and  low  debt-to-equity  ratios.   Thus,  it  ap- 
pears that  these  companies  are  in  a  better  financial  position 
to  raise  the  necessary  capital  than  is  the  gas  industry. 

Capital  requirements  as  they 
affect  the  Nation's  economy 

The  Federal  Energy  Administration,  along  with  several 
banking  institutions  and  consulting  firms,  has  studied  the 
availability  of  funds  and  the  methods  of  financing  the  capi- 
tal requirements  for  a  number  of  energy  investments,  includ- 
ing coal  conversion  processes,  over  the  next  10  to  15  years. 
The  consensus  of  these  studies  is  that  the  capital  markets 
will  be  able  to  meet  the  energy  investment  demands  if  the 
mix  of  energy  investment  to  total  business  investment  remains 
in  the  same  general  proportion  as  in  the  past.   Further, 
these  studies  show  that  the  other  sectors  of  the  economy  will 
not  be  greatly  affected  in  competing  for  available  funds. 

Cost  escalation  and  schedule  delays 

Investors  and  project  sponsors  are  wary  of  the  validity 
of  cost  estimates  and  construction  plans  and  schedules.   The 
experience  of  the  three  high-Btu  gasification  plant  appli- 
cants gives  credence  to  this  concern.   Since  the  El  Paso  Natu- 
ral Gas  Company  first  applied  to  FPC  in  1972,  its  project  cost 
estimate  has  risen  from  $353  million  to  approximately  $1  bil- 
lion.  Cost  escalation  has  affected  the  WESCO  and  Michigan- 
Wisconsin  projects  in  a  similar  manner.   According  to  El  Paso 
officials,  their  project's  major  problem  was  inflation,  with 
some  equipment  items  doubling  in  price  during  this  time.   This 
was  compounded  by  design  changes  made  by  El  Paso  which  also 
increased  the  project's  cost. 

Project  schedules  for  each  of  the  proposals  are  very 
tentative,  depending  ultimately  on  obtaining  many  Federal, 
State,  local,  and  Indian  tribe  approvals  and  agreements,  and 
on  securing  financing.   The  schedule  in  El  Paso's  case  is  so 
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uncertain  that  the  company  no  longer-  predicts  a  construction 
start  date. 

Product  competitiveness 

The  possibility  that  the  Government's  position  might 
change  about  reliance  on  foreign  imports,  or  that  a  synthetic 
fuel  will  not  be  competitive  with  new  energy  suplies,  or  that 
a  synthetic  fuel's  selling  price  will  not  provide  a  good  in- 
vestment return,  are  among  the  most  important  product-price- 
related  considerations  that  must  be  evaluated. 

The  Arab  oil  cartel  has  the  ability  to  undercut  synthetic 
oil  or  gas  prices,  raise  prices,  or  cut  back  supplies.   Re- 
gardless of  what  actions  are  taken  by  the  cartei,  synthetic 
fuels  must  be  able  to  compete  with  conventional  supplies,  par- 
ticularly the  price  of  imported  oil.   An  analysis  presented 
in  the  Synfuels  Interagency  Task  Force  report  implied  that 
under  normal  investment  and  risk  circumstances,  market  forces 
are  likely  to  cause  the  introduction  of  synthetic  fuels  be- 
tween 1985  and  1990.   This  timetable  could  be  moved  up  if  the 
cartel  increases  prices  or  cuts  off  supplies,  or  could  be  drop- 
ped back  if  import  prices  fall.   Until  synthetic  fuel  prices 
become  competitive  with  conventional  supplies  or  until  Gov- 
ernment assistance  is  introduced,  it  is  unlikely  that  indus- 
try will  take  the  initiative  to  build  liquefaction  plants. 

The  gas  industry  is  somewhat  different  because  of  its 
regulated  nature.   Synthetic  gas,  mixed  in  an  interstate  nat- 
ural gas  pipeline,  may  be  priced  by  either  the  incremental  or 
the  "rolled  in"  pricing  method.   Coal  gasification  plant  spon- 
sors are  opposed  to  incremental  pricing,  which  requires  those 
customers  who  receive  the  synthetic  gas  to  pay  the  full  cost 
of  production  and  delivery.   They  favor  rolled  in  pricing 
which  means  that  the  cost  of  producing  and  delivering  the  syn- 
thetic gas  will  be  charged  to  customers  on  a  rolled  in  or 
averaged  basis.   For  example,  El  Paso  has  estimated  that, 
initially,  its  synthetic  production  will  constitute  about  11 
percent  of  the  total  quantity  being  pipelined  to  their  cus- 
tomers.  Thus,  89  percent  of  the  product  price  would  be  based 
on  the  natural  gas  cost  and  11  percent  on  the  synthetic  gas 
price  (about  $3.00  a  million  Btu).   El  Paso  has  projected 
that  by  rolling  in  the  price  of  the  synthetic  gas  with  natural 
gas,  the  initial  price  increase  to  the  homeowner  would  be 
about  $.27  a  million  Btu.   There  is  much  controversy  as  to 
which  pricing  method  will  be  approved  by  FPC.   However,  even 
if  rolled  in  pricing  is  approved,  State  public  utility  com- 
missions might  limit  these  charges  from  being  passed  on  to 
customers . 
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The  following  table  offers  perspective  as  to  the 
competitiveness  of  estimated  synthetic  fuel  prices.   It  should 
be  noted  that  although  products  from  coal  liquefaction  and 
gasification  processes  would  primarily  be  used  to  replace 
conventional  oil  and  gas,  these  processes  could  also  be  used 
to  produce  othe*-  products,  such  as  ammonia  or  methanol. 

Table  6 

Comparison  of  Actual  atnd  EstimatecL.EUS.  Prices  for 

Natural  and  Synthetic  Gas  and  Oil 


$  for  each  million  Btu 


Gas 


Natural : 

Regulated  (nev;  interstate 
gas) 

Unregulated  (intrastate) 
Synthetic  high  Btu: 

El  Paso 

Michigan-Wisconsin 

WE  SCO 
Liquefied  natural  gas  (imported) 
Synthetic  low  Btu 


$0 

52 

1 

80 

2 

83- 

■3 

00 

a/3 

13 

3 

00 

+ 

2 

40- 

■2 

60 

b/3 

10- 

-3 

50 

Oil 


Natural t 

Domestic  .94-2.01 

Imported  2.25-2.45 

Synthetic  3.71-4.58 

a/  This  estimate  reflects  a  surcharge  against  present 

customers  during  the  construction  period.   Without  such  a 
charge,  it  would  be  higher. 

b/  These  estimates  are  based  on  small  capacity  plants.   Low- 
Btu  gas  could  also  be  used  in  large  plants  as  utility  fuel 
with  a  decrease  in  product  cost.   Also  low-Btu  gas  would 
be  used  at  or  very  near  the  plant  site,  whereas  high-Btu 
gas  would  usually  incur  the  additional  cost  of  being  pipe- 
lined to  users. 


Officials  of  the  three  companies  which  have  applied  to 
FPC  to  build  high-Btu  coal  gasification  plants  said  that 
lenders  are  reluctant  to  finance  plants  partly  because  the 
lenders  are  skeptical  of  technical  success.   Energy  Research 
and  Development  Administration  (ERDA)  officials,  as  well  as 
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involved  industry  officials,  told  us  that  the  technical  risks 
of  proposed  gasification  plants  (using  Lurgi  with  methanation) 
are  minimal.   About  14  Lurgi  plants  are  operating  outside  the 
United  States,  and  the  methanation  step  has  been  proven  on  a 
LUrgi  gasification  unit  at  Westfield,  Scotland.   Of  ttie  16 
announced  high-Btu  gasification  projects,  only  8  have 
identified  what  process  they  intend  to  use;  all  8  plan  on 
using  Lurgi  with  methanation. 

OTHER  CONSIDERATIONS 

Coal  availability 

Most  U.S.  coal  is  found  west  of  the  Mississippi  River, 
far  from  the  concentrated  industrial  areas  of  the  East  and 
Far  West — major  markets  for  coal.   Nearly  all  the  coal  lands 
and  reserves  in  the  West  are  owned  principally  by  the  Federal 
Government. 

Two  announced  coal  gasification  projects  have  experi- 
enced problems  in  obtaining  and  maintaining  rights  to  coal 
reserves.   A  Northern  Natural  Gas  Company  official  said  that 
they  might  withdraw  from  their  commitment  to  build  a  coal  gas- 
ification plant  in  Montana.   One  of  the  main  reasons  for  the 
decision  is  that  rights  to  the  coal  reserves  from  the 
Cheyenne  Indian  Reservation,  the  source  of  coal  for  the  plant, 
are  being  questioned.   When  the  El  Paso  Natural  Gas  Company 
decided  to  build  a  coal  gasification  plant,  it  planned  to  use 
coal  rights  from  a  lease  signed  with  the  Navajo  Indian  Tribe 
in  New  Mexico.   In  1974,  El  Paso  realized  that  its  project 
would  be  delayed  beyond  December  2,  1978,  the  final  date  to 
start  production  under  the  existing  lease.   El  Paso  negoti- 
ated with  the  Navajo  Tribe  to  secure  certain  waivers  and  to 
extend  the  expiration  date  of  the  lease.   The  Navajo  Tribal 
Council  has  still  not  approved  a  proposed  new  lease  which 
should  correct  ambiguities  in  the  existing  lease.   After  it 
is  approved  by  the  tribal  council,  it  must  be  approved  by  the 
Secretary  of  the  Interior. 

The  task  force  concluded  that  problems  in  mining,  trans- 
portation, and  environment  do  exist  and  that  there  are  poten- 
tial actions  on  the  Federal  and  State  levels,  such  as  passage 
of  stringent  strip  mining  legislation,  that  can  seriously 
disrupt  the  development  and  extraction  of  certain  specific 
coal  reserves.   However,  in  general,  the  task  force  could  see 
no  set  of  circumstances  that  would  cause  availability  of  our 
coal  reserves  to  be  a  constraint,  even  on  a  significantly 
accelerated  production  schedule. 
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Water  availability 

The  question  of  water  availability  for  widespread  coal 
conversion  development  is  an  important  and  complex  issue. 
Many  believe  that  water  will  become-more  polluted  and  'di- 
verted from  other  uses.   The  task  force  report  states  that 
with  complete  development  of  water  resources  and  careful 
allocation,  enough  water  will  be  available  in  all  regions 
except  the  southern  Rocky  Mountains.   Further  study  must  be 
given  to  the  effects  of  a  widespread  coal  conversion  industry 
on  water  availability.   Until  this  is  resolved,  the  water 
availability  question  will  be  answered  on  a  plant-to-plant 
basis. 

•  Presently,  industry  must  obtain  approvals  from  various 
sources  before  water  use  is  permitted.   Approvals  needed  may 
vary  from  site  to  site  but  can  include  approvals  from  the 
Department  of  the  Interior's  Bureau  of  Reclamation,  Corps  of 
Engineers,  and/or  State  governments. 

The  water  usage  expected  for  the  El  Paso-  project  amounts 
to  about  9.4  million  gallons  a  day,  or  6,528  gallons  a  minute 
the  water  requirements  for  the  WESCO  project  amount  to  about 
7.1  million  gallons  a  day,  or  4,930  gallons  a  minute. 

Liquefaction  processes  are  expected  to  have  water  re- 
quirements comparable  with  gasification  processes.   Water  re- 
quirements vary  widely  depending  on  what  process  and  support 
equipment  are  used. 

Equipment  and  materials 

Some  of  the  largest  equipment  (rectisol  absorbers)  to  be 
used  in  proposed  first-generation  projects,  such  as  the  El 
Paso  Natural  Gas  Company  project,  are  expected  to  be  206  feet 
high,  have  a  diameter  of  13-1/2  feet,  and  weight  436  tons. 
Lurgi  gasifiers  are  25  feet  high,  13-1/2  feet  in  diameter, 
and  weigh  150  tons  each.   The  El  Paso  Natural  Gas  Company's 
plant  design  requires  34  gasifiers.   These  gasifiers  can  be 
shop  fabricated  and  transported  to  the  plant  site. 

Second-generation  coal  conversion  facilities  will  re- 
quire even  larger  pieces  of  equipment.   For  example,  the  main 
piece  of  equipment  (a  gasifier)  for  one  of  the  conversion  pro- 
cesses is  expected  to  be  about  250  feet  high,  have  an  inside 
diameter  of  about  22  feet,  weigh  3,000  to  4,000  tens,  and  be 
able  to  withstand  temperatures  of  2,000° F  and  pressure  of 
1,000  to  1,200  pounds  a  square  inch  over  long  periods  of  time 
Second-generation  plants  are  expected  to  require  only  two  or 
three  gasifiers.   An  ERDA  official  told  us  that  this  equip- 
ment probably  will  not  be  able  to  shop  fabricated. 
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In  our  review  of  reports  on  energy-related  matters,  as 
well  as  in  discussions  with  individuals;  involved  in  coal  re- 
search, concern  was  evident  over  the  ability  of  private 
industry  to  fabricate  and  erect  the  equipment  required  for 
many  commercial  coal-processing  plants.   A  major  concern  is 
the  shortage  of  raw  materials  and  experienced  labor  in  the 
United  States  to  produce  the  thick-walled  pressure  vessels 
used  in  all  coal  conversion  processes.   The  current  backlog 
at  pressure,  vessel  fabrication  shops  is  12  months  or  longer. 

The  Project  Independence  report  1/  notes  that  current 
energy  development  has  been  slowed  by  shortages  of  certain 
categories  of  equipment.   It  also  notes  that  future  develop- 
ment of  all  energy  resources  will  place  additional  burdens 
on  industrial  capacity  and  raw  materials  availability. 

The  availability  of  steel  products,  such  as  heavy  plate 
for  pressure  vessels,  pumps,  compressors,  and  piping  and 
tubing,  and  the  capacity  of  the  construction  industry  to 
build  energy-related  facilities  are  two  constraints  set  forth 
in  the  Project  Independence  report,  which  have  particular  ap- 
plicability to  coal-related  energy  research.   The  report 
states  that  expansion  of  domestic  steelroak ing  capacity  is  im- 
portant to  increased  energy  development.   With  respect  to 
construction  of  energy  facilities,  the  report  states  that 
this  constraint  is  not  severe  but  that  the  availability  of 
capital,  material,  and    labor  shortages  could  affect  the  abil- 
ity of  the  construction  industry  to  expand  to  the  needed 
capac  i ty . 

£2§1  -Transportation 

About  85  percent  of  the  coal  produced  in  the  United 
States  is  transpor ted  to  usage  sites  by  rail  and/or  barge. 
Increasing  the  production  and  use  of  coal  will  require  that 
the  transportation  network  be  able  to  increase  its  capability 
to  meet  new  demands  over  a  short  period  of  time. 

Coal  transportation  does  not  appear  to  be  a  serious  con- 
straint at  this  time.   The  three  coal  gasification  companies, 
which  have  applied  to  FPC ,  have  located  their  plants  adjacent 
to  their  coal  supply,  thus  reducing  transportation  require- 
ments and  expenses.   Future  coal  conversion  projects  should 
do  this  to  the  maximum  extent. 


1/  "Project  Independence  Blueprint,  Final  Task  Force  Report: 
Synthetic  Fuels  from  Coal,"  Federal  Energy  Administration 
Nov.  1974.. 
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The  task  force  concluded  that  if  the  railroad  and 
waterway  networks  continue  to  operate  at  current  utilization 
rates  and  are  expanded  at  rates  commensurate  with  their  in- 
ternal and  presently  planned-  capabilities,  they  will  not  be 
able  to  transport  even  the  lowest  level  of  projected  increases 
in  coal  production.   If,  on  the  other  hand,  they  were  to 
operate  at  maximum  theoretical  capacities  and  expand  at  higher 
rates,  they  could,  after  initial  adjustment,  support  almost 
any  foreseeable  increases  in  coal  production. 

A  problem  which  must  be  answered  before  widespread  com- 
mercialization takes  place  is  the  effect  of  these  plants  on 
the  area  surrounding  the  plant  site.   Many  coal  conversion 
plants  are  expected  to  be  built  in  a  somewhat  rural  setting 
close  to  the  coal  supply.   The  effect  of  these  plants  on  an 
area  could  be  the  so-called  boom  town  effect.   Questions  to 
be  answered  deal  with  expected  local  inflation,  local  public 
opinion  about  the  plant,  increased  demand  on  local  schools, 
stores,  roads,  waste  facilities,  water,  police  and  fire  pro- 
tection, and  other  important  services.   Financing  the  ser- 
vices to  meet  these  increased  demands  could  also  be  a  prob- 
lem.  Both  El  Paso  and  WESCO  are  studying  these  questions. 

The  task  force  program  states  that  up  to  $350  million 
of  financial  assistance  might  be  necessary  in  planning  for 
and  mitigating  socioeconomic  impacts. 

It  is  difficult  to  determine  a  company's  will ingness  and 
ability  to  finance  coal  conversion  plants  without  recognizing 
their  awareness  of  possible  Government  action.   Bills  which 
the  Congress  is  discussing  and  a  program  which  ERDA  is  plan- 
ning are  intended  to  facilitate  financing  coal  conversion 
plants. 

Whether  or  not  a  private  company  would  independently 
secure  financing  for  a  billion  dollar  investment  at  a  time 
when  Government  assistance  may  be  around  the  corner  is  dif- 
ficult to  ascertain.   However,  the  very  fact  that  Government 
action  in  this  area  is  uncertain  might  be  a  major  constraint. 

Effect  of  natural  gas  deregulation 

Price  deregulation  is  not  expected  to  be  the  answer  to 
the  natural  gas  shortage  because  natural  gas  supplies  are 
limited.   It  is  expected  to  lessen  the  short-term  supply  prob- 
lem.  To  this  extent,  deregulation  would  lessen  the  need  to 
build  the  synthetic  plants. 
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Environmental  impact 

The  task  force  prepared  a  draft  environmental  statement 
for  various  synthetic  fuels  technologies  including  coal  liq- 
uefaction and  gasification.   The  task  force  concluded  that 
because  commercial-size  plants  have  not  been  built  in  the 
United  States,  uncertainties  exist  as  to  the  impacts  from 
such  production.   These  uncertainties  include  such  things 
as  amounts  and  types  of  emissions  and  effluents  generated  and 
precise  water  requirements ,   ERDA  and  other  Federal  agencies 
plan  to  monitor  and  study  the  early  commercial  plants  during 
the  first  phase  of  the  commercialization  program. 

CONCLUSIONS 

ERDA ' s  "National  Plan  for  Energy  Research,  Development, 
and  Demonstration"  (June  1975)  predicted  contributions  of 
2-1/2  million  barrels  of  oil  a  day  by  1985  from  first- 
generation  coal  liquefaction  processes  and  the  equivalent 
of  1/2  to  1-1/2  million  barrels  of  oil  a  day  from  first- 
generation  coal  gasification  processes.   Today,  less  than  1 
year  after  these  projections  were  made,  it  is  obvious  that 
they  were  grossly  optimistic.   ERDA  is  preparing  a  revision 
to  the  June  plan,  and  this  draft  document  no  longer  projects 
a  production  goal  from  coal  liquefaction  processes  by  1985  and 
projects  the  equivalent  of  between  250,000  to  500,000  barrels 
of  oil  a  day  from  coal  gasification  processes.   The  con- 
straints evidenced  during  efforts  to  commercialize  coal  gasi- 
fication technology,  such  as  capital  requirements,  cost  esca- 
lation, regulatory  decisions,  and  price  competition  could 
interact  in  a  manner  which  would  make  even  ERDA ' s  revised 
draft  gasification  goal  difficult  to  achieve. 

Three  first-generation  high-Btu  coal  gasification  pro- 
jects have  reached  the  point  where  applications  have  been 
submitted  to  the  Federal  Power  Commission.   The  experience 
of  these  first  efforts  to  commercialize  this  technology  in 
the  United  States  illustrates  the  severity  of  several  prob- 
lems which  sponsors  must  face  and  which  have  precluded  the 
scheduled  advancement  of  their  projects.   In  fact,  El  Paso 
Natural  Gas  Company,  one  of  three  companies  to  apply  to  the 
Federal  Power  Commission,  no  longer  predicts  a  construction 
start  date,  a  good  indication  of  the  uncerta inty  surrounding 
these  efforts. 

A  major  problem  is  the  prolific  advancement  and  enormity 
of  project  costs.   In  1973,  WESCO  projected  capital  costs  of 
$406  million;  in  January  1975,  less  than  2  years  later,  this 
estimate  was  revised  to  $853  million. 
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Sponsors  of  the  WESCO  coal  gasification  project  said 
that  the  project  cannot  be  financed  in  the  private  sector 
without  Federal  Government  financial  support.   Financial 
advisors  to  this  project  essentially  agree  with  the  WESCO 
position.   The  status  of  other  high-Btu  gasification  projects 
appears  equally  tenuous  although  not  all  have  unequivocally 
stated  that  Government  assistance  is  essential. 

FPC  refused  to  allow  project  sponsors  to  pass  costs  on 
to  customers  in  all  cases,  which  means  that  investors  must 
accept  the  risk  that,  is  some  cases,  their  moneys  might  be 
lost.   Consequently,  the  ability  of  the  gas  companies  to 
secure  investments  of  this  size  ($1  billion)  may  be  inade- 
quate.  Also,  State  public  utility  commissions  might  not 
allow  the  high  cost  of  synthetic  gas  to  be  passed  on  to  cus- 
tomers in  their  States  unless  the  Federal  Government  guaran- 
tees that  the  price  will  not  rise  above  a  specified  level. 

The  Synfuels  Interagency  Task  Force  recommended  that  the 
Government  provide  loan  guarantees  for  initial  high-Btu  gasi- 
fication projects.   In  our  opinion,  the  views  expressed  by 
regulatory  agencies  indicate  that  regulatory  changes  or  Fed- 
eral subsidies  might  be  needed  in  addition  to  loan  guarantees 
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CHAPTER_4 

SCOPE  OF  REVIEW 


We  talked  with  (1)  ERDA  officials  knowledgeable  of  and 
responsible  for  the  activities  discussed  in  this  report,  (2) 
contractors  involved  in  ERDA  research,  development,  and  demon- 
stration  programs,  (3)  the  three  companies  which  have  applied 
to  the  Federal  Power  Commission  to  build  commercial  coal  gasi- 
fication  plants,  (4)  Federal  Power  Commission  officials,  and 
(5)  South  African  Embassy  personnel. 

We  also  reviewed  many  publications  on  the  subject,  in- 
cluding the  Synfuels  Interagency  Task  Force  report. 

The  review  was  performed  primarily  at  ERDA  headquarters. 
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DESCRIPTIONS  OF  FIRST-GENERATION 

COAL  CONVERSION  PROCESSES 


Various  coal  conversion  processes  have  been  used 
commercially  in  quite  a  few  countries.   Such  first-generation 
processes  are  listed  in  the  table  on  page  40. 


Coal  gasification  processes  were  used  f 
United  States  in  the  late  nineteenth  century 
1920s  and  1930s,  approximately  12,000  coal  g 
were  in  operation  in  the  United  States.  The 
a  low-Btu  gaseous  fuel  generally  known  as  pr 
gas.  With  the  advent  of  inexpensive  natural 
next  2  decades,  most  of  the  units  were  eithe 
mothballed.  Today,  low-Btu  coal  gasificatio 
used  rarely  in  the  United  States,  primarily 
product  cost  is  higher  than  natural  gas  pric 
dustrial  users  are  not  convinced  that  they  w 
affected  by  a  shortage  of  natural  gas.  Thos 
tively  small  capacity  units.  In  many  foreig 
natural  gas  is  not  as  abundant  as  in  the  Uni 
environmental  regulations  are  not  as  restric 
fication  processes  have  been  able  to  survive 
processes  produce  either  low-  and/or  medium- 
three  of  them  (Lurgi,  Koppers-Totzek ,  and  Wi 
potential  to  produce  high-Btu  gas  with  the  a 
plant  and  a  methanation  unit.  Tests  recentl 
Scotland  proved  that  the  gas  produced  by  the 
could  be  raised  to  high  Btu  by  using  a  metha 

The  U.S.  effort  in  liquefaction  began  a 
the  U.S.  Bureau  of  Mines  conducted  laborator 
on  the  processes  that  Germany  had  developed, 
with  the  Synthetic  Liquid  Fuels  Act  of  1944 
the  Bureau  of  Mines  conducted  a  wide  variety 
based  on  its  previous  work  and  the  newly  ava 
information.  From  1947  to  1954,  the  Bureau 
constructed,  and  operated  two  liquefaction  p 
Missouri.  Attempts  to  apply  these  methods  c 
abandoned  primarily  because  of  the  high  inve 
duction  costs  and  the  availability  of  new,  1 
reserves.  There  appears  to  be  only  one  comm 
the  world  now  producing  liquids  from  coal;  i 
South  Africa. 
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Lurgi  process 

Development  of  this  process  began  in  Germany  over  40 
years  ago.   A  pilot  plant  was  built  in  Germany  in  1330  and  by 
1936  a  commercial  plant  was  constructed. 

Fourteen  commercial  plants  are  currently  operating  in 
East  Germany,  West  Germany,  Czechoslovakia,  Scuth  Africa, 
Austrialia,  Pakistan,  Great  Britain,  and  the  Republic  of 
FCorea. 

The  process  uses  a  noncaking  coal  or  weakly  caking  coal 
when  a  mechanical  stirrer  is  provided.   It  can  use  either  air 
or  oxygen  as  a  gasification  medium  to  produce  either  low- 
or  medium-Btu  gas.   Lurgi' s  main  advantage  over  other  commer- 
cially available  processes  is  that  it  is  pressurized.   This 
characteristic  allows  for  a  larger  capacity  than  similar  pro- 
cesses.  It  also  gives  the  Lurgi  process  an  economical  advan- 
tage over  other  higher  capacity,  medium-Btu  processes 
(Koppers-Totzek  and  Winkler)  for  production  of  pipeline  Dual- 
ity gas. 

Tests  completed  in  May  1974,  in  Westfield,  Scotland, 
demonstrated  that  the  Lurgi  process  could  satisfactorily  gas- 
ify three  eastern  U.S.  caking  coals.   Costs  for  the  Westfield 
tests  ($2.8  million)  were  shared  by  the  American  Gas  Associa- 
tion and  ERDA. 

Lurgi  has  contracts  with  four  U.S.  firms  to  supply  basic 
designs  for  pipeline  quality  gas  plants,  each  with  a  capacity 
of  at  least  250  million  cubic  feet  a  day.   The  contracts  are 
with  Western  Gasification  Company  (WESCO),  Houston,  Texas, 
El  Paso  Natural  Gas  Company,  El  Paso,  Texas,  Panhandle  Eastern 
Pipeline  Company,  Houston,  Texas,  and  American  Natural  Gas 
Service  Company  (Michigan-Wisconsin),  Detroit,  Michigan. 
Lurgi  made  two  other  basic  process  design  studies  of  plants 
having  capacities  of  250  million  cubic  feet  a  day.   One  study 
was  for  Northern  Natural  Gas  Company,  Omaha f  Nebraska,  and 
Cities  Service  Gas  Company,  Oklahoma  City,  Oklahoma.   The 
other  study  was  for  Natural  Gas  Pipeline  Company  of  America, 
Chicago,  Illinois.   El  Paso  Natural  Gas  Company  also  has  a 
contract  with  Lurgi  for  licensing  and  basic  design  for  an  in- 
dustrial fuel  gas  plant. 

Further  work  on  these  potential  high-Btu  plants  is  being 
delayed  by  economic  and  other  risks.   (See  p.  22.) 


41 


APPENDIX  I  APPENDIX  I 


Koppers-Totzek  process 

This  process  was  a  concept  of  Dr.  F.  Totzek  of  Keinrich- 
Koppers  GmbH,  Essen,  Germany.   The  process  uses  all  types  of 
coals  as  well  as  other  carbonaceous  feedstocks,  such  as  heavy 
oils  and  tars.   The  process  operates  at  atmospheric  pressure 
and  uses  oxygen  to  produce  a  medium-Btu  gas. 


In  1952,  the  first  commercial  plant  was  built  in  Finland 
Presently  there  are  16  plants  in  operation  or  under  construc- 
tion in  various  locations  throughout  the  world  (Japan,  Spain, 
Belgium,  Portugal,  Greece,  United  Arab  Republic,  Thailand, 
Turkey,  East  Germany,  Zambia,  India,  South  Africa,  and  Fin- 
land).  These  plants  were  constructed  by  Heinr ich-Kopper s 
GmbH  (now  Krupp-Koppers  GmbH),  and  are  being  used,  almost 
exclusively,  to  produce  a  gas  for  ammonia  production. 

The  process  differs  from  other  commercially  available 
processes  in  that  the  amount  of  time  required  for  a  coal  par- 
ticle to  remain  in  the  gasifier  vessel  is  shorter.   This  fac- 
tor accounts  for  the  two  main  advantages  of  the  process,  high 
capacity  and  ability  to  handle  all  types  of  coal.   Its  dis- 
advantages include  the  requirement  of  an  oxygen  supply  and 
low-pressure  operation.   Further,  its  application  as  an  in- 
dustrial fuel  gas  producer  is  limited  because  of  the  capital 
required  for  an  accompanying  oxygen  plant  and  because  the  pro- 
cess is  not  economical  when  operated  at  low  plant  capacity 
levels. 

The  Koppers  Company,  Incorporated,  Pittsburgh,  Pennsyl- 
vania, has  assisted  Krupp-Koppers  in  a  number  of  plant  in- 
stallations using  this  process.   The  Koppers  Company,  Incor- 
porated, has  performed  a  number  of  feasibility  studies  for 
U.S.  firms.   No  plants  have  been  built  in  the  United  States 
because  the  cost  of  the  product  gas  is  higher  than  the  reg- 
ulated price  of  natural  gas  and  a  large  capital  investment 
is  required  for  plant  construction. 

Winkler  process 

This  process  was  discovered  by  Dr.  Fritz  Winkler  in  1922 
The  first  commercial  plant  was  installed  at  Leuna,  East 
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Germany,  in  192b.   Between  1936  and  I960,  15  other  commercial 
plants  were  buiit  in  Germany,  Japan,  Czechoslovakia, 
Yugoslavia,  Spain,  Turkey,  and  India.   Only  three  of  these 
plants  (Yugoslovia,  Turkey,  and  India)  are  presently  opera- 
ting.  All  three  produce  a  medium-Btu  gas  for  ammonia  pro- 
duction.  The  largest  installation  (India)  produces  37  million 
cubic  feet  of  gas  a  day.   The  process  uses  a  method  of  coal 
flow  which  results  in  a  larger  capacity  than  other  commer- 
cially available  processes  except  Koppers-Totzek  .   The  pro- 
cess operates  on  noncaking  coals,  but  can  also  gasify  liquid 
fuels,  such  as  coal  tars  and  heavy  fuel  oils.   It  operates 
at  atmospheric  pressure  and  uses  air  or  oxygen  to  produce  a 
low-  or  medium-Btu  gas. 

Advantages  of  the  Winkler  process  include  high  capacity 
and  a  capability  to  operate  over  a  wide  range  of  output 
levels.   Among  its' disadvantages  are  the  requirement  of 
pretreatment  for  caking  coaJs  and  low-pressure  operation. 
There  have  been  no  plants  built  in  the  United  States  because 
it  must  be  run  on  a  relatively  large  scale  requiring  large 
investments  and  is  more  expensive  than  oil  or  natural  gas. 

The  commercial  units  in  foreign  countries  were  designed, 
engineered,  and  constructed  by  Bamag  Verf ahrenstechnik  GmbH, 
currently  a  part  of  Davy  Powergas  GmbH,  located  in  Cologne, 
Germany.   Davy  Powergas  Incorporated,  Lakeland,  Florida,  ex- 
pects to  apply  to  ERDA  for  funds  to  build  a  lov-Btu  demonstra- 
tion plant.   Their  proposal  v/ould  use  the  Winkler  process  at 
elevated  pressure.   Both  Davy  Powergas,  Florida,  and  Davy 
Powergas,  Germany,  are  subsidiaries  of  Davy  International, 
London,  England. 

Wellman-Galusha  process 

During  the  1920s,  thousands  of  gasifiers  using  this  pro- 
cess were  operating  in  plants  in  the  United  States.   The  pro- 
cess offers  two  types  of  gas  producer,  single  stage  and  two 
stage.   The  single-stage  process  uses  anthracite  or  noncaking 
coals.   The  two-stage  process  is  designed  to  use  bituminous 
coals.   There  are  no  guarantees  that  this  process  will  oper- 
ate successfully.   The  process  uses  a  gasifier  similar  to 
Lurgi,  but  it  operates  only  at  atmospheric  pressure.   This 
limits  the  process*  applicability  to  only  low-capacity  opera- 
tions.  It  uses  air  or  oxygen  to  produce  a  low-  or  medium-Btu 
gas. 

Two  U.S.  firms  are  offering  equipment  for  this  process, 
Applied  Technology  Corporation  and  McDowell-Wellman  Engineer- 
ing Company.   However,  McDowell-Wellman  offers  only  the 
single-stage'  process  while  Applied  Technology  offers  both 
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single-  and  two-stage  processes  under  exclusive  license  from 
Wellrnan-Incandescent ,  Ltd.   Over  20  plants  have  been  commis- 
sioned within  recent  years  (none  in  the  United  States).   They 
are  mainly  being  used  to  produce  fuel  gas  for  industrial 
firms  with  modest  requirements. 

The  M.  W.  Kellogg  Company  has  recently  completed  develop- 
ment of  a  process  which  is  similar  to  the  Wellraan-Galusha  pro- 
cess.  Kellogg  has  updated  the  reliability  of  the  process  and 
increased  the  size  of  the  gasifier  to  produce  about  2  billion 
Btu's  daily.   This  process  has  not  been  tested  commercially, 
and  no  guarantees  on  its  operation  are  available. 

Two  U.S.  firms  are  using  Wellman-Galusha  plants, 
Glen-Gery  Corporation,  Reading,  Pennsylvania,  and  Ohio  Lime 
and  Limestone,  Cherry,  Ohio.   The  former  (a  brick  manufac- 
turer) uses  anthracite  coal,  a  much  cleaner  buring  coal  than 
bituminous,  but  anthracite  coal  produces  a  much  lower  volume 
of  gas  than  bituminous  coal. 

The  main  advantage  of  the  process  is  that  it  has  a  high 
turndown  capability,  which  means  that  it  can  be  adjusted  as 
the  needs  of  the  user  change.   It  has  application  as  an  in- 
dustrial fuel  gas  producer  for  firms  with  small  fuel  require- 
ments (between  1  and  2  billion  Btu's  daily).   A  major  dis- 
advantage is  that  its  use  of  caking  coals  has  not  been  com- 
mercially proven. 

The  process  is  not  being  widely  used  in  the  United  States 
because  the  gas  cost  is  higher  than  the  regulated  price  of 
natural  gas,  which  is  still  available  in  significant  amounts 
to  industrial  users.   There  are  no  guarantees  that  the  pro- 
cess will  operate  effectively  on  caking  coal,  and  the  invest- 
ment required  (about  $4  million  for  a  two  gasifier  plant.) 
is  large  enough  for  a  small  user  to  require  a  guarantee  of 
operabil ity . 

Riley-Morgan_process 

Charles  H.  Morgan  built  the  first  gas  producer  in  the 
United  States  in  Worcester,  Massachusetts,  around  1880. 
Through  1941  the  Morgan  Construction  Company  built  and  in- 
stalled more  than  9,000  gasifiers  in  plants  throughout  the 
world.   Today  there  are  none  known  to  be  operating  in  the 
United  States  and  only  a  few  in  foreign  countries  (Scotland, 
Canada,  and  England).   About  4  years  ago  the  Riley  Stoker 
Corporation  bought  the  rights  to  the  Morgan  gasifier  and  up- 
dated the  process  to  comply  with  Environmental  Protection 
Agency  requirements.   Riley  Stoker  reported  that  a  full-scale 
demonstration  unit  was  recently  installed  and  successfully 
tested  at  the  Riley  Research  and  Development  Center  in 
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Massachusetts;  however,  none  has  been  sold  to  any  industrial 
user  . 

The  process  uses  all  types  of  coal,  with  an  agitator  to 
handle  caking  roals.   It  operates  at  atmospheric  pressure 
and  uses  air  or  oxygen  to  produce  a  low-  or  medium-Btu  gas. 
The  process  is  similar  to  the  single  stage  Wellman-Galusha 
and  has  similar  advantages  and  disadvantages.   Also  it  is 
not  being  used  in  the  United  States  for  the  same  reasons. 
It  is  most  applicable  to  small-scale  operations  as  an  indus- 
trial fuel. 

Woodall-Duckham _PfOcess 

This  process  was  developed  by  II  Gas  Integrale  of  Italy 
in  the  early  1930s.   Over  100  commercial  gasifiers  have  been 
built  in  plants  in  many  foreign  countries.   Since  1946, 
industrial-fuel  gas  plants  have  been  built  in  Austria,  Franco 
England,  Czechoslovakia,  Trukey,  Australia,  and  South  Africa. 
These  plants  use  air-blown  gasifiers  to  produce  a  lew-Btu 
gas.   A  medium-Btu  gas  is  produced  by  the  process  for  pub- 
lic utility  plants  in  Austria,  Italy,  France,  England, 
West  Germany,  Yugoslovia,  Czechoslovakia,  Poland,  and  Japan. 
Medium-Btu  gas  produced  by  the  process  is  being  used  for 
ammonia  or  methanol  production  in  Austria,  Italy, 
Czechoslovakia,  France,  and  West  Germany. 


There  are  no  commercial  applications  of  the  process  in 
the  United  States  because  the  product  gas  price  is  higher 
than  natural  gas.   An  additional  problem  exists  because  U.S. 
firms  are  unfamiliar  with  the  process  operation,  making  it 
a  seemingly  risky  investment.   Woodall-Duckham  guarantees 
the  process  operation  on  noncaking  coals. 

Wllpytte_Pr29ess 

Wilputte  Corporation  of  Murray  Hill,  New  Jersey,  became 
involved  in  coal. gasification  plants  in  the  1920s  and  built 
many  plants.   Today  there  is  only  one  commercial  plant  in  the 
United  States  using  this  technology.   This  plant  was  built  in 
1942  at  Kingsport,  Tennessee,  and  is  operated  by  Holsten  De- 
fense Corporation,  a  subsidiary  of  Eastman  Kodak  Company. 
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The  process  uses  virtually  all  U.S.  coal  as  the  feed- 
stock.  It  operates  at  atmospheric  pressure  and  uses  either 
air  or  oxygen  to  produce  a  low-  or  medium-Btu  gas.   It  is 
similar  in  operation  to  the  single  stage  Wellman-Galusha ,  but 
on  a  smaller  scale. 

The  process  is  designed  for  small  operations.   Because 
of  its  low  capacity  the  Wilputte  process  seems  most  appli- 
cable to  small  industrial  fuel  users.   According  to  the 
Wilputte  Corporation,  the  lack  of  interest  by  potential  users 
is  due  to  uncertainty  regarding  the  severity  of  the  natural 
gas  shortage. 

ISmi-E^uid  .process 

Project  Independence  identified  the  ignifluid  process 
as  a  commercially  available  coal  gasification  process  for 
the  production  of  low-Btu  gas.   ERDA's  evaluator  for  low-Btu 
processes  classifies  it  as  an  advanced  method  for  burning 
coal  to  be  used  in  a  powerplarit,  rather  than  a  coal  gasifi- 
cation process.   The  process  was  developed  in  France  after 
World  War  It,    and  the  patent  sold  to  Babcock-Atlant ique . 
The  process  uses  all  types  of  coal,  producing  a  low-Btu  gas 
(about  125  Btu's  a  cubic  foot)  from  combustion  of  coal  with 
air.   This  gas  is  burned  in  industrial  boilers  for  generation 
of  electricity. 

Approximately  20  to  25  small  commercial  plants  were  in- 
stalled throughout  France,  Africa,  and  the  United  Kingdom. 
Less  than  six  are  still  in  operation  but  under  heavy  com- 
petition from  petroleum.   Babcock-Atlant ique  is  attempting 
to  build  a  demonstration  plant  in  the  United  States,  but  can- 
not get  ERDA  funding  since  the  process  is  considered  commer- 
cially available.   Industry's  opinion  is  that  a  large-scale 
operation  must  be  demonstrated  before  the  process  is  accepted 
in  the  United  States.   Two  U.S.  utility  companies  expressed 
interest  in  the  process  during  the  early  1970s,  but  both  can- 
celed due  to  financial  problems  involved  with  the  large  cap- 
ital investment  required. 

Zi££:h££l5l2Esc!2_PI2cess 

The  Fischer-Tropsch  process  involves  changing  the  gas 
produced  in  a  coal  gasification  process  to  liquid  fuel.   This 
technology  was  originally  described  by  Messrs.  Fischer  and 
Tropsch  around  1923  in  Ruhr,  Germany.   During  World  War  II 
the  Germans  operated  at  least  9  Fischer-Tropsch  plants  which 
had  a  capability  to  produce  approximately  12,000  barrels  of 
fuel  a  day.   The  largest  of  these  plants  produced  about  3,500 
to  4,000  barrels  a  day. 
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The  Fischer-Tropsch  process  has  been  used  in  a  commer- 
cial operation  in  South  Africa  since  1955.   This  plant  appears 
to  be  the  only  commercially  operating  coal  liquefaction  plant 
in  the  world  today.   The  South  African  plant  is  owned  and  op- 
erated by  the  fouth  African  Coal,  Oil,  and  Gas  Corporation, 
Limited,  a  government-controlled  corporation.   This  plant  is 
capable  of  producing  about  5,000  barrels  of  liquid  fuel  and 
other  products  from  3,000  tons  of  coal  a  day.   It  uses  the 
Lurgi  process  to  produce  gas  before  converting  the  gas  into 
a  liquid.   The  plant's  products  include  liquid  fuel,  chemi- 
cals, petro-chemicals ,  and  fertilizers.   The  South  African 
government  is  proceeding  with  plans  to  build  another  plant 
which  is  expected  to  have  approximately  10  times  the  capacity 
of  the  existing  plant.   This  new  plant,  including  local  devel- 
opment such  as  housing  and  related  services,  is  estimated  to 
cost  between  $1-1/2  and  $2  billion  and  is  expected  to  be  com- 
pleted in  1931.   An  American  firm,  Fluor  Engineers  and  Con- 
structors, Incorporated,  has  been  selected  as  the  managing 
contractor. 

ERDA  is  sponsoring  a  conceptual  commercial  design  using 
this  process  which  is  aimed  at  finding  out  how  the  process 
fits  the  U.S.  situation.   An  ERDA  officia]  said  that  before 
a  plant  like  the  one  in  South  Africa  could  be  built  in  the 
United  States  a  number  of  economic  and  technical  problem 
areas  would  have  to  be  worked  out.   The  economics  of  the 
South  African  plant  are  not  the  same  as  for  a  plant  in  the 
United  States.   For  example,  coal  for  the  government-sponsored 
South  African  plant  may  be  purchased  for  around  $5  a  ton.   In 
it  cost  projections,  the  Synfuels  Interagency  Task  Force  posed 
coal  costs  of  $11  to  $17  a  ton  (eastern  coal)  for  U.S.  coal 
liquefaction  plants.   ERDA  officials  and  representatives  of 
the  M.  W.  Kellogg  Company  told  us  that  a  Fischer-Tropsch  plant 
based  on  the  South  African  design  is  currently  not  econom- 
ically feasible  in  the  United  States.   The  Kellogg  Company 
was  involved  in  the  design  of  the  South  African  plant. 

We  were  unable  to  find  anyone  who  is  actively  seeking 
to  commercialize  this  process  in  the  United  States  today. 
The  economics  of  the  process  and  the  product  mix  are  consid- 
ered to  be  the  major  constraints  for  use  in  the  United  States. 
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STATUS  OF_SECONDzGENERATION 
COAL  CONVERSION  PROCESSES 


COAL  LIQUEFACTION 

Ml£Oal  PI°^£§§ 

Development  of  the  H-coal  process  was  started  by  Hydro- 
carbon Research,  Incorporated  in  the  late  1950s.   From  each 
ton  of  coal,  the  process  can  produce  about  3  barrels  of  low 
sulphur  oil.   Although  the  primary  product  is  expected  to  be 
boiler  fuel,  the  product  can  be  refined  to  gasoline  if  de- 
sired.  The  process  can  use  essentially  all  coals  available 
in  the  United  States. 

In  1965,  the  Office  of  Coal  Research  awarded  a  contract 
to  Hydrocarbon  Research,  Incorporated  to  accelerate  develop- 
ment of  the  H-coal  process.   Work  under  this  contract  in- 
volved bench  scale  and  process  development  unit  research. 
The  contract  work  was  successfully  concluded  in  1967. 

Government  sponsorship  of  research  on  this  process  was 
discontinued  from  1968  until  1973  because  of  Federal  budget 
limitations.   However,  Hydrocarbon  Research,  Incorporated 
and  five  industry  participants  continued  low-level  work  on 
the  process  at  a  cost  of  about  $6.8  million. 

In  June  1973,  Hydrocarbon  Research,  Incorporated  sub- 
mitted, a  proposal  to  the  Office  of  Coal  Research  for  the 
design,  construction,  and  operation  of  a  600-ton-a-day  pilot 
plant  using  the  H-coal  process.   In  May  1974,  the  Office  of 
Coal  Research  authorized  Hydrocarbon  Research,  Incorporated 
to  begin  designing  the  plant  and  shortly  thereafter,  entered 
into  a  cost-plus-fixed-fee  contract  to  carry  out  this  work. 
Hydrocarbon  Research,  Incorporated  is  now  operating  a  3-ton- 
a-day  plant  in  support  of  the  600-ton-a-day  pilot  plant  work. 

The  Government  is  contributing  about  two-thirds  of  the 
cost  of  the  pilot  plant  project,  and  five  industry  partici- 
pants, including  four  major  oil  companies,  are  contributing 
the  remaining  one-third.   A  site  in  Catlettsburg ,  Kentucky, 
adjacent  to  a  refinery  of  one  of  the  participating  oil  com- 
panies (Ashland  Oil)  was  selected.   In  addition,  the  State 
of  Kentucky  is  contributing  about  $8  million  to  the  project 
in  cash  and  coal.   The  State's  contributions  proportionally 
reduce  the  industry  and  Government  share  of  the  cost.   The 
total  estimated  cost  of  the  pilot  plant  project  is  about  $164 
million,  of  which  about  $115  million  is  the  Government's 
share.   The  industry  participant's  share  is  about  $49  million 
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The  H-coal  project  is  now  in  the  design  or  phase  1  stage. 
Phase  I  has  recently  been  modified  to  include  design  work  and 
procurement  of  equipment  which  originally  were  to  be  done 
during  plant  construction  or  phase  II.   The  modified  phase  I 
is  to  be  completed  by  December  1976  at  a  cost  of  about  $15 
mill  ion. 

At  this  time,  ERDA  does  not  have  c-ny  legal  commitment 
from  the  participants  to  continue  past  phase  I.   Although 
ERDA  does  not  anticipate  any  problems,  a  Hydrocarbon  Research, 
Incorporated" of ficial  told  us  that  the  industry  participants 
might  have  problems  raising  money  for  construction  and  opera- 
tion . 

ERDA  expects  phase  II  construction  to  begin  in  July  1976 
and  be  completed  by  March  1978.   Ashland  Oil  Company  will  be 
the  operator  of  the  pilot  plant  in  phase  III. 

The  synthoil  process  is  being  developed  by  ERDA ' s  Pitts- 
burgh Energy  Research  Center  in  Pennsylvania.   Operations 
began  in  1970  utilizing  small-scale  units  (100  pounds  a  day 
and  1/2  ton  a  day) .   The  product  is  a  low  sulphur  boiler 
fuel,  but  can  be  refined  to  gasoline  if  desired.   The  process 
produces  about  3  barrels  of  oil  for  each  ton  of  coal  and  uses 
bituminous  and  subbituminous  coal. 

The  present  small-scale  unit  at  the  Pittsburgh  Center  is 
converting  1/2  ton  of  coal  a  day  into  fuel  oil.   ERDA  is 
planning  a  10-ton-a-day  plant  which  they  hope  will  begin  con- 
struction by  April  1976  and  be  in  operation  by  July  1977. 
Originally,  the  plant  was  scheduled  to  start  operating  in 
January  1977  but  due  to  a  delay  in  obtaining  ERDA's  approval 
of  Foster-Wheeler,  the  plant  designer,  as  construction  manager 
and  expected  late  deliveries  of  some  long  leadtime  items,  the 
operation  date  was  moved  to  July  1977.   ERDA  policies  usually 
preclude  the  plant  designer  from  also  acting  as  construction 
manager . 

The  plant  is  expected  to  operate  for  2  years.   The 
Bethlehem  Steel  Company  will  operate  it  and  is  contributing 
about  $1.1  million  in  coal,  labor,  and  data  processing.   The 
10-ton-a-day  plant  project  is  expected  to  cost  about  $46 
million  which  includes  about  $18  million  for  construction. 

An  ERDA  official  told  us  that  preliminary  design  of  the 
next  stage,  the  pilot  plant,  could  start  as  early  as  1977 
with  operation  starting  in  1980.   Preliminary  designs  are 
not  detailed  enough  to  be  used  to  build  a  plant,  but 
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according  to  ERDA  officials  they  do  point  out  possible 
problems  and  areas  which  need  additional  information.   This 
work  will  be  done  while  the  smaller  plant  is  operated,  and 
if  problems  are  noted  by  the  preliminary  design  work,  these 
can  be  worked  out  on  this  smaller  unit. 

s°lY£Dtr£ef  ine^_coa_l_prqcess 

Although  ERDA  classifies  this  process  as  liquefaction, 
it  produces  a  low  sulphur,  solid  product,  called  solvent- 
refined  coal.   This  product  has  a  high  heating  value  (about 
16,000  Btu's  a  pound)  regardless  of  the  quality  of  the  coal 
feedstock.   Any  coal  may  be  utilized  in  this  process.   The 
process  produces  the  equivalent  of  about  3  barrels  of  oil 
for  each  ton  of  coal.   The  product  is  being  tested  by  a 
utility  company  to  determine  its  usefulness  as  a  boiler 
fuel.   Although  more  expensive,  the  product  can  be  converted 
into  a  liquid  fuel.   Proponents  hope  that  the  cost  of  this 
process,  which  is  expected  to  produce  a  product  with  low 
pollutant  emissions,  will  be  competitive  with  other  methods 
of  reducing  emissions. 

Work  on  this  process  started  in  1962  when  the  Office  of 
Coal  Research  awarded  a  $1,240,000  contract  to  the  Spencer 
Chemical  Company.   The  purpose  of  the  contract  was  to  study 
the  technical  feasibility  of  a  coal  deashing  process  (now 
called  the  solvent-refined  coal  process).   During  the  term 
of  the  contract,  Gulf  Oil  Corporation  acquired  Spencer 
Chemical  Company  and  upon  reorganization  reassigned  the  pro- 
ject to  its  Pittsburgh  and  Midway  Coal  Mining  Company.   This 
contract  expired  in  1965  with  a  successful  demonstration  of 
the  process  in  a  1/2-ton-a-day  plant. 

In  1966,  the  Office  of  Coal  Research  awarded  a  contract 
to  the  Pittsburgh  and  Midway  Coal  Mining  Company  to  design, 
construct,  and  operate  a  50-ton-a-day  pilot  plant.   The 
design  work  was  completed  in  1968  by  Stearns-Roger  Corpora- 
tion but  because  of  Federal  budget  limitations,  funds  did 
not  become  available  to  plan  for  construction  until  late  1971 
Construction  started  in  1972  and  the  plant,  located  in  Ft. 
Lewis,  Washington,  began  operation  in  September  1974. 

The  pilot-  plant  may  continue  operating  until  the  early 
1980s,  depending  on  future  modifications  to  it.   The  esti- 
mated total  cost  of  the  pilot  plant  through  completion  is 
approximately  $140  million,  of  which  the  cost  of  the  pilot 
plant  construction  was  about  $20  million.   Since  the  contract 
for  this  project  was  awarded  before  the  policy  regarding 
Government-industry  cost  sharing  began,  this  project  is 
funded  totally  by  the  Government. 
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ERDA  is  now  working  on  an  agreement  with  Southern 
Services  Incorporated  and  Electric  Power  Research  Institute 
to  partially  fund  the  operation  of  a  6-ton-a-day  plant, 
located  in  Wilsonville,  Alabama,  that  has  been  entirely  funded 
and  operated  for  the  past  2  years  by  private  industry.   This 
plant,  which  uses  the  solvent-refined  coal  process,  would  be 
used  in  support  of  the  pilot  plant  work.   Although  a  50-ton- 
a-day  plant  is  currently  operating,  ERDA  is  interested  in  a 
smaller  plant  because  it  believes  it  is  cheaper  to  use  a 
small  plant  for:  tests  and  adjustments  and  to  apply  the  re- 
sults to  the  pilot  plant. 

The  Ralph  M.  Parsons  Company,  under  an  Office  of  Coal 
Research  contract,  designed  a  10 , 000-ton-a-day  demonstration 
plant  using  a  combination  of  the  solvent-refined  coal  process 
and  the  bi-gas  gasification  process.   ERDA  officials  told  us 
that  the  Parsons  Company  will  also  be  working  on  preliminary 
designs  for  a  commercial  plant.   These  designs  are  not  de- 
tailed enough  for  actual  construction  but  are  aimed  at  iden- 
tifying such  things  as  economic  evaluations  of  construction 
and  operating  costs.   They  can  also  identify  technical  prob- 
lems which  may  need  more  work  before  building  a  commercial- 
sized  plant. 

A  Gulf  official  told  us  that  2  years  ago  Gulf  expressed 
interest  in  putting  up  half  of  the  funds  needed  to  build  a 
3, 000-ton-a-day  demonstration  plant  using  this  process.   They 
wanted  the  Government  to  put  up  the  other  half.   However,  the 
Office  of  Coal  Research  decided  that  it  would  like  to  review 
several  alternatives  and  requested  proposals  for  a  demon- 
stration plant.   According  to  this  official,  they  did  not 
respond  to  this  request  because,  in  general,  it  gave  the 
Government  too  much  discretion  in  making  design  and  other 
changes  without  industry  approval,  yet  industry  would  have 
to  pay  for  half  of  the  cost  changes. 

The  Gulf  official  also  told  us  that  Gulf  was  working  to 
commercialize  the  process  in  Japan  and  Germany,  where  it 
had  patent  rights.   Gulf  does  not  have  patent  rights  to  this 
process  in  the  United  States  but  is  working  on  a  patented 
process  which  produces  a  liquid  product  rather  than  a  solid. 

Wheelabrator-Frye ,  Incorporated,  which  constructed  the 
50-ton-a-day  plant,  is  planning  to  privately  finance  a 
demonstration  plant  using  the  solvent-refined  coal  process. 
The  plant  is  expected  to  process  about  2,000  tons  of  coal 
a  day.   Wheelabrator-Frye ,  Incorporated,  plans  to  build  onto 
their  planned  demonstration  plant  to  attain  a  commercial  size 
of  about  15,000  tons  a  day.   They  anticipate  that  8  years 
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are  required  from  the  beginning  of  demonstration  plant 
construction  to  operating  the  commercial-size  plant. 

Char-oil  energy  development  process 

This  process  is  a  low  pressure  pyrolysis  (heating) 
approach  to  the  conversion  of  coal.   It  is  capable  of  using 
all  types  of  U.S.  coals  and  produces  three  principal  products: 
char,  oil,  and  gas.   The  oil  output  is  about.  1  barrel  for  each 
ton  of  coal.   The  char  is  a  solid  residue  from  coal  after  the 
moisture  and  volatile  material  have  been  removed. 

The  char  output  amounts  to  about  60  percent  of  the  coal 
input  weight.   For  the  process  to  be  economically  successful, 
the  char  must  'be   utilized.   Under  the  original  objectives  of 
this  program  (in  the  1960s),  it  was  assumed  that  the  char  could 
be  used  for  a  boiler  fuel,  as  is  coal.   However,  under  present 
environmental  regulations  the  sulphur  content  of  the  char  is 
too  high  to  permit  direct  burning  as  a  solid. 

Electric  Power  Research  Institute  funded  tests  in  a 
gasification  plant  in  Spain  which  demonstrated  that  char 
could  be  gasified.   FMC  Corporation,  the  principal  developer 
of  the  process,  is  a  member  of  a  consortium  of  companies  which 
is  examining  a  proprietary  coal  gasification  process  that 
would  gasify  the  char  and  remove  the  sulphur.   The  process  is 
called  cogas. 

Recently,  the  Illinois  Coal  Gasification  Group  submitted 
a  proposal  to  ERDA  in  response  to  -the  Pipeline  Gas  Demonstra- 
tion request.   Group  officials  told  us  that  their  proposal 
calls  for  designing,  building,,  and  operating  a  2,000-ton-a- 
day  cogas  demonstration  plant. 

Development  of  this  process  began  when  the  Office  of 
Coal  Research  awarded  a  contract  to  FMC  Corporation  in  1962. 
Under  this  contract,  FMC  conducted  bench  scale  research  and 
operated  a  1-ton-a-day  plant.   This  led  to  the  design  and 
construction  of  a  36-ton-a-day  pilot  plant  at  Princeton, 
New  Jersey.   Construction  was  started  in  1968,  with  startup 
in  August  1970.   The  plant  ended  operation  in  November  1974, 
after,  according  to  an  ERDA  official,  the  plant  had  been  suc- 
cessfully operated  and  necessary  information  had  been  ob- 
tained.  Approximately  1,500  barrels  of  synthetic  crude  pro- 
duced by  the  process  was  delivered  to  the  U.S.  Navy  for  use 
as  shipboard  fuel.   The  cost  of  the  pilot  plant  program  was 
about  $24  million,  which  was  paid  entirely  by  the  Federal 
Government . 
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In  1974,  PMC  informally  proposed  to  continue  the  project 
for  2  years  at  a  cost  of  about  $10  million.   ERDA  agreed  to 
review  a  formal  proposal  while  stipulating  that  the  proposal 
would  have  to  provide  a  cost-sharing  agreement.   FMC  reported, 
to  ERDA  on  January  31,  1975,  that  it  could  not  secure  the 
necessary  industrial  backers  for  the  project.   FMC  claimed 
that  technical  information,  especially  a  good  capital  cost 
estimate,  was  incomplete  and  required  further  study  before 
industrial  participants  could  be  secured. 

The  Ralph  M.  Parsons  Company  was  responsible  for  pre- 
paring a  commercially  feasible  design  including  a  cost  anal- 
ysis of  a  25 , 000-ton-a-day  plant.   This  work  was  to  be  com- 
pleted by  the  fall  of  19  7  4  but  was  not  completed  until 
September  1975.   Company  officials  found  that  a  major  problem 
was  that  few  industries  want  a  process  with  such  a  large  pro- 
portion of  char.   FMC  officials  also  said  that  since  other- 
processes  make  more  oil,  industry  may  want  to  wait  for  those 
processes  to  develop. 

ERDA  has  decided  not  to  continue  the  pilot  plant  project 
because  it  already  produced  enough  information  to  permit  in- 
dustry to  evaluate  the  process  for  demonstration  or  commer- 
cial use.   Any  further  work  on  this  process  is  contingent  on 
industry's  interest  in  it. 

Although  the  plant  is  no  longer  operating,  the  contract 
with  FMC  will  end  on  June  30,  1976.  Five  bids  were  received 
recently  for  dismantling  the  pilot  plant. 

^I^Z^L_.?2^Tj_GA5IF  I  CATION 

Hygas  process 

The  hygas  process  evolved  from  development  started  by 
the  Institute  of  Gas  Technology  1/  during  the  1940s.   This 
process  should  be  able  to  convert  all  U.S.  coals  into  a 
satisfactory  substitute  for  natural  gas. 


1/  An  independent,  nonprofit,  education  and  energy  research 
institute,  affiliated  with  the  Illinois  Institute  of  Tech- 
nology.  It  is  a  membership  organization,  composed  of 
United  States  and  Canadian  industrial  firms.   The  majority 
of  members  are  major  gas  transmission  and  distribution 
companies.   Other  members  include  major  oil  and  coal  com- 
panies, engineering  and  service  companies  involved  with 
energy,  and  large  industrial  energy  consumers. 
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Early  funding  was  largely  sponsored  by  the  American 
Gas  Association,  a  trade  organization  whose  members  are 
investor-owned  distributors  and  transporters  of  natural,  manu- 
factured, and  mixed  gas.   In  July  1964,  the  Office  of  Coal 
Research  joined  the  association  in  a  joint  sponsorship  of  the 
research  program.   In  June  1967,  the  joint  sponsors  awarded 
a  contract  to  the  institute  to  design,  construct,  and  operate 
a  75-ton-a-day  plant.   Construction  of  the  plant,  located  in 
Chicago,  Illinois,  was  completed  in  the  spring  of  1971  at  a 
cost  of  approximately  $12  million.   The  plant  began  operating 
in  October  1971.   Total  costs  incurred  under  this  initial  con- 
tract were  $18.5  million,  of  which  the  Government's  share  was 
$16. 5  million. 

In  September  1972,  the  institute  was  awarded  a  new  34 
month  contract,  funded  by  the  American  Gas  Association  and 
the  Office  of  Coal  Research,  to  continue  operating  this  plant. 
Operation  was  later  extended  to  June  30,  1976.   ERDA  expects 
to  further  extend  the  contract  to  cover  operation  of  the 
plant  through  June  30,  1977.   The  total  estimated  cost  of  the 
project  is  $50.7  million,  of  which  about  $38.5  million  is  the 
Government's  share  and  $12.2  million  is  industry's  share. 

Institute  officials  noted  that  they  experienced  startup 
problems  with  the  plant  causing  delays.   They  believe  these 
problems  are  attributable  to  the  hygas  process  being  the  first 
of  second-generation  coal  gasification  processes  to  reach  this 
stage  of  development. 

In  July  1975,  the  institute  ran  a  15-day  test  using 
lignite  coal  which  they  believe  proved  the  technical  feasi- 
bility of  the  process.   In  the  current  year  the  institute 
will  be  concerned  with  proving  the  technical  feasibility  of 
the  process  using  subbitumincus  and  caking  bituminous  coal 
feedstocks. 

Ken-Tex  Energy  Corporation  recently  submitted  a  proposal 
is  response  to  ERDA's  pipeline  gas  demonstration  request. 
Ken-Tex  officials  told  us  that  their  plans  call  for  designing, 
building,  and  operating  a  7 ,300-ton-a-day  hygas  plant. 

Steam-iron  (hydrogen  producing)  process 

The  hygas  coal  gasification  process  needs  a  hydrogen 
rich  steam  mixture  in  its  gasification  stages.   Three  alter- 
native methods  to  generate  hydrogen  exist,  steam-oxygen  pro- 
cess, steam-iron  process,  and  electrothermal  process.   The 
electrothermal  process  was  the  first  method  tested,  but  was 
discontinued  because  it  was  considered  uneconomical.   The 
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steam-oxygen  process  is  being  used  in  the  hygas  plant,  and 
the  steam-iron  process  will  also  be  tested  to  determine  which 
process  is  more  efficient  or  economical.   ERDA  also  expects 
the  process  to  have  application  to  other  coal  conversion  pro- 
cesses as  a  source  hydrogen. 

In  May  1973,  the  Office  of  Coal  Research  awarded  a  con- 
tract to  the  Institute  of  Gas  Technology  for  $18.2  million 
to  design,  construct,  and  operate  a  steam-iron  pilot  plant. 
The  most  recent  estimate  for  completion  of  plant  construction 
is  April  18,  1976.   Since  the  current  contract  expires  July 
1976,  a  new  contract  will  be  needed  to  operate  the  plant. 
ERDA  expects  the  operation  of  the  pilot  plant  to  begin  in 
October  1976.   It  will  be  operated  as  an  individual  unit  and 
not  integrated  with  the  hygas  plant. 

ERDA ' s  high-Btu  program  evaluator  told  us  that  the  only 
major  problem  delaying  project  development  has  been  a  slip- 
page in  the  schedule  for  fabriciating  the  reactors.   This 
problem  has  delayed  plant  construction  more  than  6  months. 
The  total  estimated  cost  of  the  steam-iron  process  pilot 
plant  is  $58.6  million,  of  which  $39.1  million  is  the  Govern- 
ment's share  and  $19.5  million  is  industry's  share. 

§.Yi}thane_  pro  cess 

The  synthane  process  was  developed  by  ERDA's  Pittsburgh 
Energy  Research  Center  over  a  period  of  9  years.   There  has 
not  been  any  private  involvement  in  this  process.   The  pro- 
cess should  be  able  to  convert  all  U.S.  coals  into  a  satis- 
factory substitute  for  natural  gas. 

This  development  has  been  funded  solely  by  the  Govern- 
ment.  In  June  1971,  the  Bureau  of  Mines  awarded  a  contract 
to  design  and  engineer  a  72-ton-a-day  plant  at  Bruceton, 
Pennsylvania.   Construction  costs,  originally  scheduled  at 
$9.65  million,  have  reached  approximately  $13  million  and  an 
additional  increase  of  about  $500,000  is  being  negotiated. 
Checkout  and  shakedown  of  the  plant  started  in  March  1975  and 
has  not  yet  been  completed. 

Operation  of  the  plant  is  scheduled  from  May  1976  to 
September  1978.   Initially,  the  operating  contract  was  for  a 
12-month  period  starting  July  31,  1974,  but  was  extended  to 
coincide  with  a  delay  in  plant  construction.   Operation  of 
this  plant  is  expected  to  cost  approximately  $30  million. 

Delays  in  the  plant  construction  have  resulted  in  in- 
creased construction  costs.   Some  of  these  delays  occurred  in 
buying  plant  equipment.   Also,  ERDA  officials  said  that  using 
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different  contractors  for  the  plant  design  and  construction, 
as  required  by    Government  procurement  regulations,  takes  time 
which,  if  the  same  contractor  was  used,  could  be  avoided.   The 
total  estimated  cost  of  the  synthane  program  is  approximately 
$68.25  million. 

Although  the  72-ton-a-day  plant  has  not  started  opera- 
tion, V7heelabrator-Frye ,  Incorporated  has  proposed  building 
a  2, 300-ton-a-day  demonstration  plant.   Wheelabrator-Frye ' s 
engineering  division  was  the  construction  manager  for  the  72- 
ton-a-day  plant.   They  believe  that  this  experience,  and  the 
fact  that  the  pilot  plant  should  be  operating  during  the  de- 
sign of  the  demonstration  plant,  will  provide  the  necessary 
information  for  a  successful  demonstration  plant  project. 

Development  work  on  this  process  originated  at  the 
Consolidation  Coal  Company  research  laboratories  during  the 
period  1948-51  but  it  was  discontinued  due  to  a  lack  of  eco- 
nomic incentives.   During  this  period,  increasing  supplies  of 
natural  gas  and  oil  postponed  the  need  for  coal  gasification 
processes.   The  process  is  most  likely  limited  to  processing 
iignite  and  subbituminous  coal,  which  makes  it  more  appli- 
cable for  operation  in  the  western  United  States. 

Work  was   resumed  on  the  process  in  1962  under  the 
sponsorship  of  Consolidation  Coal  Company,  Texas  Eastern  Gas 
Transmission  Company,  and  Consolidated  Natural  Gas  Company. 
In  June  1964,  the  Office  of  Coal  Pxesearch  awarded  a  contract 
to  Consolidation  Coal  Company  to  appraise  the  engineering 
and  economics  of  the  process  using  lignite  coal  and  to  de- 
velop a  bench  scale  unit  to  test  the  process.   This  contract 
was  amended  in  October  1965  to  include  design  of  a  40-ton- 
a-day  plant.   The  plant  was  completed  in  December  1971  at  a 
cost  of  approximately  $9.3  million;  operation  of  the  plant 
was  started  in  October  1972. 

The  original  contract  covering  design,  construction, 
and  operation  until  November  30,  1974,  cost  approximately 
$27.8  million.   A  second  contract  was  awarded  on  November  27, 
1974,  to  continue  plant  operation.   Total  funds  expended  for 
the  construction  and  operation  of  the  plant,  located  in 
Rapid  City,  South  Dakota,  were  about  $34  million  as  of 
October  31,  1975.   Anticipated  expenditures  for  the  remain- 
der of  fiscal  year  1976  are  approximately  $6.3  million.   The 
total  estimated  project  cost  through  fiscal  year  1978  is  ap- 
proximately $49.8  million,  of  which  $37.7  million  is  the 
Government's  share  and  $12.1  is  industry's  share. 
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The  technical  feasibility  of  the  process  has  been  fully 
demonstrated  at  the  40-ton-a-day  level  through  continuous 
operation  on  lignite  coal  for  periods  up  to  10  days.   A 
mediurn-Btu  gas  suitable  for  the  manufacture  of  high-Btu  sub- 
stitute natural  gas  was  produced.   This  gas  could  also  be 
used  for  production  of  chemical  feedstocks.   Proponents  ex- 
pect plant  studies  to  show  that  capital  and  operating  cost 
requirements  are  less  than  ether  gasification  processes. 

Additional  work  was  proposed  by  the  contractor,  to  be 
performed  during  fiscal  year  1976.   This  includes  operation 
of  the  methanation  unit  to  produce  high-Btu  gas,  and  support 
studies  and  evaluations  required  to  obtain  sufficient  data 
for  scale-up  and  design  of  a  commercial  facility. 

Bi-gas  process 

This  process-  was  conceived  by  Bituminous  Coal  Research, 
Incorporated  under  a  contract  awarded  on  December  23,  1963, 
and  funded  by  the  Office  of  Coal  Research.   The  process  is 
designed  to  use  all  types  of  coal. 

Work  under  the  contract  awarded  in  1963  covered  two 
phases.   The  first  phase  included  a  review  of  the  current 
state  of  the  art  in  coal  gasification  processes  to  recom- 
mend processes  worthy  of  further  development.   The  second 
phase  included  laboratory  scale  tests  to  design  pilot  scale 
equipment  for  the  processes  recommended  in  the  first  phase. 
Over  60  different  processes  and  process  variations  were 
examined.   Based  on  this  contract  work,  Bituminous  Coal  Re- 
search, Incorporated  was  awarded  a  cost-sharing  contract  in 
August  1971,  funded  by  the-Office  of  Coal  Research  and  the 
American  Gas  Association,  to  further  develop,  what  they  judged 
to  be  the  best  combination  of  all  the  process  variations  they 
studied;  this  is  termed  the  bi-gas  process. 

Under  this  contract,  Bituminous  Coal  Research,  Incor- 
porated built  two  plants,  the  first  being  of  very  small 
capacity  (about  1  ton  a  day).   Construction  of  the  second 
plant,  with  a  capacity  of  converting  120  tons  of  coal  a  day, 
was  completed  in  March  1976,  at  Homer  City,  Pennsylvania. 
Operation  is  scheduled  to  begin  in  June  1976  and  continue 
until  December  1977. 

The  project  has  experienced  delays  of  about  1  year  due 
to  problems  procuring  equipment  and  materials  and  a  recent 
strike  of  construction  personnel.   The  only  problems  antici- 
pated in  the  operation  of  the  plant  involve  the  normal  start- 
up questions. 
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Project  costs  until  June  30,  1976,  are  estimated  at 
approximately  $48.9  million,  including  about  $31.5  million 
for  plant  construction.   An  EEDA  official  noted  that  the 
December  1977  operation  completion  date  is  optimistic  and 
that  a  more  realistic  estimated  completion  date  is  December 
1978. 

The  total  estimated  cost  of  the  project  is  approximately 
$133.8  million,  of  which  the  Government's  share  is  $90.5  mil- 
lion and  industry's  share  is  $43.3  million. 

Self-agglomerating  ash  process 

This  process  was  developed  by  Eattelle  Laboratories  of 
Columbus,  Ohio.   The  process  has  immediate  application  be- 
cause its  gas  can  be  used  in  a  turbine  to  generate  electric- 
ity.  The  process  can  use  all  U.S.  coals  and.  may  have  the 
advantage  of  producing  a  very  clean  gas  which  is  not  abrasive 
to  the  blades  of  a  gas  turbine. 

Research  was  started  in  1961,  and  laboratory  experiments 
were  initiated  in  September  1972  using  American  Gas- Associa- 
tion funds.   In  January  .1973 ,  Eattelle  was   awarded  a  contract 
by  the  Office  of  Coal  Research  to  design,  construct,  and  oper- 
ate a  25-tcn-a-day  plant.   However,  the  scope  of  the  contract 
does  not  provide  for'the  additional  equipment  required  to  pro- 
duce high-Etu  gas;  therefore,  the  product  gas  has  a  mediurn- 
Btu  value.   The  contract  originally  was  to  cost  about  $4.1 
million  and  was  to  be  completed  June  30,  1977.   Various  con- 
tract revisions  increased  the  estimated  cost  to  $8.85  million. 
Plant  construction  is  expected  to  be  completed  in  May  1976 
near  Columbus,  Ohio.   ERDA  expects  operation  to  begin  the 
same  month  since  testing  and  construction  are  being  conducted 
simultaneously. 

The  contract  is  being  renegotiated  to  settle  construction 
and  monitoring  costs  and  to  increase  its  scope.   Additional 
scope  requirements  include  the  design  of  a  commercial  plant 
concept  for  the  process.   This  change  in  scope,  along  with 
settlement  of  final  overruns  in  construction  costs  and  in- 
creased monitoring  costs,  should  bring  the  total  contract  cost 
to  approximately  $13.7  million. 

The  major  problem  encountered  in  the  project  has  been 
the  physical  construction  of  the  plant.   Inability  to  get 
equipment  of  time,  changes  in  the  construction  contractor's 
(Chemical  Construction  Corporation)  management  and  operating 
personnel,  and  poor  estimates  of  equipment  costs  have  com- 
bined to  increase  estimated  costs  from  the  corporation's 
original  bidof  $1.87  million  to  its  present  authorized  sum 


58 


APPENDIX  II  APPENDIX  II 


of  $5.7  million.   The  original  estimated  time  for  construction 
of  11  months  has  been  increased  to  33  months.   In  addition,  a 
final  construction  overrun  of  approximately  $1.4  million  due 
to  a  construction  time  slippage  is  being  negotiated.   Total 
estimated  cost  of  the  project  is  approximately  $17.5  million 
through  fiscal  year  1979,  of  which  $16.9  million  is  the  Gov- 
ernment's share  and  $.6  million  is  industry's  share. 

LOWt-BTU  gasification 

Molten- salt  process 

This  process  was  developed  by  the  Atomics  International 
Division,  Rockwell  International  Corporation.   This  low-Btu 
process  uses  a  new  method  of  feeding  coal  through  the  reactor, 
and  promises  high  overall  plant  efficiency  in  converting  coal 
to  electricity. 

On  December  12,  1974,  the  Office  of  Coal  Research  awarded 
a  contract  to  Atomics  International  to  design,  construct,  and 
operate  a  120-ton-a-day  plant  to  demonstrate  the  feasibility 
of  the  process  for  generating  electrical  power.   The  desig- 
nated plant  site  is  near  Norwalk  Harbor,  Connecticut.   At 
that  time,  the  total  costs  were  estimated  at  $6.9  million,  of 
which  the  Government's  share  was  $4.6  million  and  Atomic  In- 
ternational's share  was  $2.3  million.   As  of  October  1975, 
the  projected  cost  for  the  plant  had  risen  to  $13.5  million. 
This  was  caused  by  inflation  of  construction  costs,  incomplete 
design  estimates  made  by  the  contractor,  the  addition  of  envi- 
ronmental and  safety  factors,  and  their  being  unable  to  use 
materials  from  a  nearby  powerplant,  which  they  initially 
thought  would  be  available. 

Atomics  International  has  proposed  four  alternatives 
which  may  lower  the  project's  cost.   One  of  the  alternatives 
would  change  the  site  of  the  plant  to  Santa  Susana,  California, 
and  reduce  its  size  to  24  tons  a  day.   Adopting  this  modifi- 
cation, along  with  some  changes  proposed  by  ERDA,  could  reduce 
the  estimated  project  cost  to  approximately  $10.5  million. 
As  of  February  1976,  the  modification  was  being  negotiated. 
ERDA  estimates  that  this  plant  could  be  completed  in  41  months. 

W?.££AHS!l£yi§®_J:  Iyii?iz£^^e^_process 

Development  of  this  process  was  started  by  Westinghouse 
Electric  Corporation  before  1972.   In  August  1972,  the'office 
of  Coal  Research  awarded  a  contract  to  Westinghouse  to  develop 
a  low-Btu  gasification  system  to  be  integrated  in  an  electri- 
cal generation  plant.   To  accomplish  this  objective,  a  three- 
stage  program  was  planned  with  a  cost-sharing  agreement  of 
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70  percent  Government  and  30  percent  West inghouse .   In- 
dustrial participants  with  Westinghouse  include  Bechtel 
Incorporated,  Public  Service  of  Indiana,  AMAX  Coal  Company, 
and  Peabody  Coal  Company/Kennecott  Copper  Company. 

The  first  stage  was  to  develop,  design,  construct,  and 
operate  a  14-ton-a-day  plant  to  test  and  study  the  process 
operating  conditions.   Bechtel  Incorporated  was  responsible 
for  the  design  and  construction  of  this  plant  at  Waltz  Mill, 
Pennsylvania.   Construction  was  completed  in  January  1975. 
The  second  stage  includes  the  construction  and  operation  of 
a  120-ton-a-day  plant  to  collect  sufficient  data  for  scale-up 
and  design  of  a  commercial  facility.   The  third  stage  includes 
the  design,  construction,  and  operation  of  a  full-size  gasi- 
fier  (1,200  tons  a  day)  and  generating  plant  to  demonstrate 
the  technical  and  economic  feasibility  of  the  process  for  gen- 
erating electric  power.   West inghouse  estimated  it  could  com- 
plete all  three  stages  by  May  1981  at  a  cost  of  $80  million. 

Faced  with  cost  escalation  and  schedule  delays,  Westing- 
house  is  proposing  to  eliminate  the  second  stage,  the  120- 
ton-a-day  plant.   This  elimination  would  permit  work  to  begin 
sooner  on  the  1 ,  200-ton-a-day  plant.   Plowever  ,  West  inghouse 
estimates  that  it  will  cost  $100  million  to  complete  the  pro- 
ject in  spite  of  eliminating  one  of  the  three  stages  in  the 
project . 

Funds  expended  as  of  December  31,  1975,  were  about  $.19.7 
million,  of  which  $15.7  million  was  contributed  by  the  Govern- 
ment, and  $4  million  by  the  private  participants.   The  pri- 
vate contribution  was  $2.7  million  short  of  the  contractual 
obligations.   A  current  proposed  contract  modification  tem- 
porarily releases  Westinghouse  from  the  remaining  $2.7  million 
of  their  total  share  of  $6.7  million.   In  exchange  the  Gov- 
ernment would  receive  considerations,  such  as  Westinghouse • s 
share  (estimated  at  approximately  $2.6  million)  in  the  plant, 
availability  of  land  at  which  the  plant  is  located  at  a  nomi- 
nal annual  fee,  and  availability  of  buildings,  equipment,  and 
facilities  owned  by  Westinghouse  which  would  support  the  plant 
Another  $2.6  million  will  be  required  to  continue  the  program 
through  June  1976. 

An  ERDA  official  told  us  that  ERDA  would  fund  this  pro- 
gram for  a  year  without  any  private  funding  and  that  at  the 
end  of  that  time,  ERDA  should  have  enough  information  to  de- 
cide whether  to  accept  Westinghouse f s  proposal  to  eliminate 
the  120-ton-a-day  plant.   ERDA  and  Westinghouse  believe  that 
industrial  participants  will  contribute  funding  to  a  project 
at  a  higher  level  of  development  only  after  the  feasibility 
of  the  process  is  proven  on  a  smaller  scale. 
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ERDA  has  rewritten  project  tasks  for  fiscal  year  1976 
because  of  funding  and  continuous  mechanical  problems. 
Operation  of  the  plant  will  be  performed  in  stages,  the  first 
stage  started  in  March  1976.   ERDA  expects  operation  of  the 
entire  plant  to  start  in  early  1978. 
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